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1. Rationale for Undertaking the Research  
 
In recent times, there has been an increased focus on the use of sustainable construction materials to achieve 
environmental targets related to efficient energy use and an increased demand for more durable, less labour- and 
service-intensive materials. One of the most promising construction materials meeting these requirements, and one 
that can structurally compete with more commonly used construction materials such as steel and concrete, is cross-
laminated timber (CLT). CLT is a relatively new type of solid timber panel product with excellent load-carrying 
properties that is being increasingly utilised in large timber construction projects across the world. The outcomes 
from the project Innovation in Irish Timber Usage (IITU) funded by the Department of Agriculture Food and the 
Marine (Project Ref: 11/C/594), have confirmed, on the basis of preliminary testing, that there is potential in using 
Irish Sitka spruce for CLT floor panel manufacture and this presents new opportunities for Irish timber in the home 
and export markets. In 2012, the Irish forestry and forest products sector generated €2.2 billion in annual output, 
representing 1.3% GDP, and employed approximately 12,000 people (IFFPA, 2014). According to COFORD, the 
volume of timber coming to market is forecasted to rise over the next two decades  (Phillips et al., 2016). It is stated 
that production on the island of Ireland will increase from 4 million cubic meters in 2016 to approximately 8 million 
cubic meters by 2035. This shows the potential of Irish forests to provide increased and sustainable supplies of 
timber for added-value engineered wood products. Increased sales of existing products and the development of new 
markets at home and abroad for new added-value wood products will lead to job creation across the sector.  

The use of CLT technology has been increasing around the world with ever taller buildings being 
constructed. In order to increase the utilisation of Irish timber in products such as CLT, research is needed to establish 
the mechanical and physical properties of the Irish timber output when combined to form large scale CLT floor panel 
elements. Optimised manufacturing and production parameters have been established in the IITU project (Sikora, 
McPolin and Harte, 2015, 2016). Further mechanical tests are required to develop characteristic behaviour 
properties for CLT panels to reliably design and construct buildings using this engineered wood product.  

CLT construction is relatively fast in comparison to steel and concrete for example, as CLT panels are 
lightweight, easily manoeuvrable and simply connected using metallic fasteners or a combination of fasteners and 
brackets to transfer tension and shear loads in a structure. The ease of connecting these panels contributes to the 
speed of construction, but accurate design of connections is an essential component to the global behaviour of a 
structure. There is a wide variety of fasteners and many different joint details that can be used to establish 
connections between CLT panels. Metallic screws are most common and currently, highly engineered self-tapping 
screws are readily available for various applications. The behaviour of screws in timber are heavily influenced by the 
material properties of the surrounding timber. The connection behaviour of typical connections must be examined 
in the context of CLT panels manufactured from Irish-grown C16 grade timber to form a solution for a commercially 
suitable CLT construction system.  

 

2. Research Approach  
 
This research was focused on the commercialisation of a CLT modular floor system. Important steps towards 
achieving this were identified in the IITU project. In the IITU project, the optimum manufacturing parameters for the 
manufacture of CLT panels from Irish Sitka spruce were established and initial testing of a limited number of panels 
was undertaken to show the potential load-bearing capacity. The next steps to commercialisation were identified: 
determination of characteristic values of the CLT properties and (ii) investigation of suitable connection systems to 
enable the panels to be used in the construction of CLT buildings. These steps are the basis of the current project. 
To achieve these objectives, this research project was organised in a number of tasks. In Task 1, the development of 
Irish Sitka spruce CLT floor panels was carried out. The optimised manufacturing parameters from the IITU project 
were used in the manufacture of three different types of panels, namely, 3-layer panels with a thickness of 60 mm 
(20 mm per layer), 3-layer panels with a thickness of 120 mm (40 mm per layer), and 5-layer panels with a thickness 
of 100 mm (20 mm per layer). All panels were approximately 600 mm in width, in line with standardised 
prefabricated panels for a modular floor system. This panel width is also in accordance with testing requirement of 
EN 16351 (CEN, 2015), which outlines test procedures related to CLT panels and states that the width of a test panel 
should be at least four times the panel thickness. In accordance with EN 16351 (CEN, 2015), each panel type is 
subjected to four-point bending with loads perpendicular to plane on two different spans (over a span of 24 times 
the thickness, and a span of 12 times the thickness of the panel) in order to determine bending and rolling shear 
strengths and stiffness properties. Utilising all test results the characteristic bending and rolling shear values were 
determined in accordance with EN 14358.  
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Task 2 was focused on identifying suitable wall-floor connection systems for use with Irish CLT floor panels. 
A series of tests were performed to examine the behaviour of single screws, of varying length (25 mm, 50 mm and 
75 mm), in CLT specimens utilising Irish-grown timber. The single screws were subjected to monotonic withdrawal 
and shear loading to failure in accordance with EN 26891 (CEN, 1991). Tension and shear loaded wall-floor 
connections manufactured using a series of fasteners in combination with typical steel bracket systems were also 
tested to failure. In these tests, the connections were cyclically loaded in accordance with EN 12512 (CEN, 2005). 
This allowed the impairment of strength and ductility of the connection systems to be examined. The experimental 
test results on single and multiple fastener systems were compared to current Eurocode 5 design methods and a 
design method developed by Blaß & Uibel (2007), specifically formulated for connections in CLT elements. 
Recommendations on the design approach and design factors for use in Irish CLT connections are developed.  

Finally, Task 3 focused on the dissemination of research findings and engagement with industry in Ireland 
and abroad. Dissemination of the project outcomes was achieved over the duration of the project through a variety 
of approaches including conferences, presentations, industrial visits, and face-to-face meetings with sawmills, design 
professionals, and engineered wood panel and screw manufacturers. 

 

3. Research Achievements/Results  

Outline main results achieved 
 
Task 1 

- The modulus of elasticity of Sitka spruce boards has been measured using the MTG Grader and the results 

have aided the production of CLT floor panels. 

- Four-point bending tests in accordance with EN 16351 (CEN, 2015) have been performed on 3-layer and 5-

layer floor panels. 

- Modulus of elasticity and characteristic strength values in bending and shear/rolling shear have been 

determined. 

- Generally, it has been found that the thicker the CLT panel is, the lower its bending strength. 

- The number of layers was found to influence the bending strength behaviour and significantly affected the 

characteristic bending strength. The 5-layer panels were found to have a greater characteristic strength 

than thinner 3-layer panels. 

- When examining the rolling shear behaviour, increasing the number of layers in the panel lay-up resulted 

in more predictable behaviour but the overall characteristic rolling shear strength was not improved. 

- CLT panels manufactured from Irish Sitka spruce had strength and stiffness values similar to that of 

commercial panels manufactured in mainland Europe. 

- The failure behaviour and characteristic strength values have been presented and the technical viability of 

using Irish Sitka spruce for CLT manufacture has been confirmed. This presents new opportunities for Irish 

timber in the home and export markets. 

- Detailed findings from Task 1 are presented in three reports (D1.1, D1.2, & D 1.3) 

 
Task 2 

- The failure behaviour of typical steel fastened bracket systems has been examined under tension and shear 

loading. The failure behaviour of such connection systems is heavily dictated by the timber material 

properties. 

- It has also been shown that the behaviour of the ductile steel bracket influences the failure behaviour, but 

this is not accounted for in current approaches to the design of such systems.  

- Tests have been carried out utilising a range of screw lengths (25 mm, 50 mm and 75 mm) and results are 

compared to current design codes (CEN, 2009).  

- The design method developed by Blaß & Uibel (2007) for connections in CLT elements, is more suited to 

Irish CLT than the EC5 provisions for the 50 mm and 75 mm screw lengths but is not recommended for the 

shorter screw length of 25 mm.  

- Eurocode 5 (CEN, 2009) applies a design factor of 2.0 in the calculation of the stiffness of steel-to-timber 

connections. This factor produced non-conservative results when applied to Irish CLT and, in the absence 
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of further experimental data, it is recommended to use a factor of 1.5 instead of 2.0 for steel-to-timber 

connections utilising ductile bracket systems. 

- Detailed findings from Task 2 are presented in the report D 2.1 

 
Task 3  

- Dissemination of the project outcomes has been achieved through a variety of approaches including 

conferences, presentations, industrial visits, and face-to-face meetings with key stakeholders within the 

timber construction industry.  

- NUIG attended the “National Forestry Conference” and the “Talking Timber” Conference organised by The 

Wood Marketing Federation and Teagasc, respectively. These were attended by forest owners, forestry 

companies, timber processors, academic researchers and state agencies. Both conferences provided an 

opportunity to disseminate some of the objectives of the project to the stakeholders in attendance. 

- SIP Energy is an Irish SME, which develops new technologies for wood-based structures. Director, John 

Moylan was contacted in relation to the project findings and has provided expertise on the 

commercialisation aspects of the project. 

- Stora Enso is a leading manufacturer of CLT in continental Europe. NUIG was invited to tour one of their 

manufacturing facilities in Bad St. Leonhard, Austria. This provided in depth knowledge related to the design 

process of CLT, the manufacturing procedures, the ongoing quality control test requirements for CLT plants 

and the transport requirements of CLT elements. NUIG also had an opportunity to explain some of the 

ongoing work in the CICLT project and discuss the routes and requirements to achieve product certification.  

- The research findings are currently under review for publication in research journals. 

 

 

4. Impact of the Research 

4(a) Summary of Research Outcomes 

 

(i) Collaborative and Industry links developed during this research 
Links have been established with the main sawmills in Ireland and also with design professionals 
focused on developing knowledge on the use of timber in modern timber buildings. NUI Galway 
has developed links with the main European producers of CLT panels, connections for CLT, and 
CLT manufacturing equipment and continues to work with some of these companies. These links 
will be important in the move towards the commercialisation of Irish CLT.  
NUI Galway has also established links with leading self-tapping screw manufacturer, Rothoblaas. 
who are a well established company heavily involved in research and development of new highly-
engineered screws for use in large timber of multi-storey timber building. In addition, Rothoblaas 
is heavily involved in the design process of such buildings and provides training material for the 
use of their products.   
 

(ii) Outcomes where new products, technologies and processes were developed 

and/or adopted  
The mechanical performance of the 3- and 5-layer panels subjected to bending has been 
characterised. The rolling shear behaviour of the transverse layers has also been characterised. 
On the basis of a desk study, the commercial viability of a niche CLT flooring panel system has 
been demonstrated. The use of typical bracket connection systems has been experimentally 
tested and compared to current design models. Cyclic tests on CLT connections were performed 
to examine the influence of the screw length on the strength, stiffness, ductility and energy 
dissipation behaviour of such connections. The results have shown that current models, with 
modification of certain factors, may be used to describe the screw-fastened connection 
behaviour of CLT panels manufactured from C16 grade material. 

 

(iii) Outcomes with economic potential  
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Due to an extensive afforestation programme in the 1990s, forecasts predicting increased 
amounts of raw material coming to market in the next two decades. The supply of round wood 
from Irish forests is projected to increase from 4 million m3 in 2016 to 8 million m3 in 2035. A 
suitable use of this additional material is in added-value engineered wood products. CLT panel 
construction is growing worldwide and there is potential to use this system to address the current 
shortage of residential and commercial buildings. Results of the IITU project indicated that C16 
Irish Sitka spruce could potentially be used to produce CLT panels. Further testing carried out in 
this study has confirmed this and the determination of characteristic strength values for design 
purposes is an important step in bringing this product to market. This added-value product is a 
suitable use of the forecasted increased yield of raw material to be expected in the next two 
decades which could benefit various forestry, sawmill and manufacturing industries and will lead 
to job creation across the sector. 
 

(iii) Outcomes with national/policy/social/environmental potential 
The mechanical properties of the CLT under bending and shear loading utilising current Sitka 
spruce resource have been established and this will feed into future design policy. This will also 
have implications for National standards. Current changes to design standards are expected to 
include increased rules for the use of CLT panel and connection systems. The criteria outlined in 
the next version of Eurocode 5 and those related to the use of C16 grade will be of particular 
interest to the Irish timber industry. The potential to use native timber in a high-performance 
building product will have significant environmental benefits if brought to full production and 
utilised widely in the construction sector.  

 

 

4 (b)  Summary of Research Outputs 

 

(i) Peer-reviewed publications, International Journal/Book chapters. 

 

International journal publications 
 

1. O’Ceallaigh, C, Sikora, KO, McPolin, DO, Harte, AM (2018). An investigation of the 
characteristic failure behaviour of CLT manufactured from fast-grown timber. Buildings. 
Submitted for publication 

2. O’Ceallaigh, Harte, AM (2018). The influence of fastener length on the cyclic behaviour of 
typical CLT connections. Engineering structures. Submitted for publication. 

 

Published peer-reviewed conference papers 
None 

 

(ii) Popular non-scientific publications and abstracts including those presented 

at conferences  
None 

 

(iii) National Report 
None 
 

(iv) Workshops/seminars at which results were presented  
1. Ryan Institute Research Day, NUI Galway, 23/2/2018 
2. National Forestry Conference, Wood Marketing Federation Enfield, 6/6/2017 
3. A Presentation entitled “Research and Innovation in Timber Construction” was presented at 

the National Construction Summit in the RDS, Ballsbridge, Dublin, 2017. 14/6/17 
4. Talking Timber Conference, Teagasc, 31/8/2017 
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(v)  Intellectual Property applications/licences/patents 
None 
 

(vi) Other 
1. A Research trip to Graz University of Technology, Institute of Timber Engineering and 

Wood Technology, Austria was undertaken to gather information on the production, 
design and use CLT and CLT connection systems in multi-storey construction in central 
Europe. The research outputs were presented. 

 

 

5. Scientists trained by Project 

 

Total Number of PhD theses:       ___0_ 

 

Please include authors, institutions and titles of theses and submission dates.  If not 

submitted please give the anticipated submission date 

 
 

Total Number of Masters theses:       __0__ 

 

Please include authors, institutions and titles of theses and submission dates.  If not 

submitted please give the anticipated submission date 
N/A 
 

6. Permanent Researchers  

 

Institution Name Number of Permanent staff 

contributing to project  

Total Time contribution (person 

years) 

NUI Galway 3 1 

   

Total   

 
 

7. Researchers Funded by DAFM 

 

Type of Researcher Number Total Time contribution (person 

years) 

Post Doctorates/Contract 

Researchers 

1 1 

PhD students   

Masters students   

Temporary researchers   

Other   

Total   
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8. Involvement in Agri Food Graduate Development Programme 

 

Name of Postgraduate / contract 

researcher 

Names and Dates of modules attended 

N/A  

  

 

 

9. Project Expenditure 

 

Total expenditure of the project:     €79,736.81 

 

Total Award by DAFM:      €80,035.00 

 

Other sources of funding including benefit in kind and/or  

cash contribution(specify):  

 

Breakdown of Total Expenditure 

 

10. Leveraging 

Summarise any additional resources’/funding leveraged by this award from other sources 

i.e. Additional Staff, National/EU funding secured, EI Commercialisation Fund  

 

• Enterprise Ireland Commercialisation Fund 
Links have been established with an Irish construction company through the project. SDR are interested 
in CLT as a potential solution for their projects and wish to investigate the factors influencing the 

Category 
Name 

Institution 1 

Name 

Institution 

2 

Name 

Institution 3 

Name 

Institution 4 
Total 

Contract staff -    - 

Temporary staff -    - 

Post doctorates 47441.76    47441.76 

Post graduates -     

Consumables 4131.00    4131.00 

Travel and 

subsistence 
1841.11    1841.11 

Sub total 53413.87    53413.87 

Durable 

equipment 
-     

Other 10298.78    10298.78 

Overheads 16,024.16    16,024.16 

Total 79736.81    79736.81 
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vibration performance of these systems.  NUI Galway are currently examining this with the support of 
an Innovation Voucher. (Award to NUI Galway: €5,000) 

• InterTrade Ireland FUSION Award 
The project has established links between the university and industry.  NUIG has been approached to 
work with a company wishing to develop skills in timber engineering.  NUIG has engaged in a KT 
Fusion project with Taylor and Boyd to help them develop expertise in the design of CLT buildings. 
(Award to NUI Galway: €30,800).  

• EU Interreg NWE Adhesive Free Timber Buildings (TAFTB) project 
NUI Galway together with Project partners from UK, France, Germany, Luxembourg, Belgium were 
recently successful in securing €4.8 m in EU funding to develop adhesive free construction products 
using European timber including Irish Sitka spruce. (Award to NUI Galway: €317,670)   

 

11. Future Strategies  

Outline development plans for the results of the research.   
 

As the technical viability of producing CLT panels from Irish Sitka spruce has been 

established from a structural point of view, the next natural step in moving towards 

commercialisation is the identification of a producer that will bring this to full 

commercialisation. This will involve identification of the necessary commercial scale 

equipment, as outlined in the IITU project. Once commercial panels are produced their 

properties will need to be verified for certification purposes. Additional testing to determine 

other properties, such as reaction to fire, will also be required by the certification 

authorities. The full requirements for the EU Construction Products Regulation are set out in 

Annex ZA (informative) of EN16351 (2015). 
With respect to design of buildings using Irish CLT panels, some additional testing is required 

to establish the appropriate connection design procedures. Recommendations from the 

present study need further validation to ensure that characteristic strength and stiffness 

values for tension and shear connections are not underestimated. Additionally, lap joint and 

splice joint connections between adjacent CLT panels in wall or floor applications also requires 

attention. 
 

 

12. Consent to Publish Final Report on the DAFM Website and/or Through Other 

Dissemination channels 

 

I consent to this report being made available to the public, through the Department’s 

website and other dissemination channels. * 

 

 

Yes x  No  

 

13.  Declaration 

 

 

I declare that the information contained in this final report is complete and true to the 

best of my knowledge and belief. 
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Signed:  

 ________________________ Project Coordinator 

 

 

Date:   _10 July 2018____________ 

 

*IPR sensitive information that the coordinator does not wish to make public should be 

highlighted in red font. All text in red font in this report will not be made publicly 

available by DAFM. 

 

 

 

 

 

 

 


