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BACKGROUND

Demand for wood as a raw material is predicted to increase in the industrialised world (UN/ECE News, 2000). At the same time there are strong commitments to sustainable European forest management as set out in various Ministerial Conferences on the Protection of Forests in Europe (MCPFE) held in Strasbourg (1990), Helsinki (1993) and Lisbon (1998). Furthermore, there are requirements to meet the needs of multipurpose forestry including biodiversity and social benefits. In order to meet these objectives silvicultural practices within Europe are changing with much more emphasis on Continuous Cover Forestry (CCF) and Alternatives to Clearfell (ACF). To meet the demands for increased wood production and the needs of multipurpose forestry will require optimisation of the use of wood as a raw material and a comprehensive understanding of how environmental conditions control wood formation.

Increased use of wood in place of other raw materials has a number of very clear benefits. Wood is a renewable resource, which compared to other raw materials such as steel, brick and stone requires considerably less energy consumption to produce. Life cycle analysis has shown timber-based buildings require much less energy during construction than other forms of building. Timber is extensively used in the Scandinavian construction industry, but less so elsewhere in Europe. The rapid increase in timber-framed housing construction in Scotland, from near zero to greater than 50% in 20 years, shows that timber construction can achieve market penetration despite strong local building traditions and with respect for local architectural diversity. As an additional benefit the extensive use of timber in buildings (mean lifetime of 50 years) or other products with an extended lifetime locks up carbon dioxide and will help alleviate carbon dioxide increases in the atmosphere. Wood is available throughout Europe and can be supplied locally much more easily than other raw materials. This reduces transport costs and fossil fuel use and provides rural employment.

To increase the use of wood as a raw material we need to understand much better how wood is formed, how this is affected by environmental conditions and the connection between wood microstructure and the wood properties of importance to the end user. We need to be able to identify and assess key properties early in the wood chain in order to optimise utilisation and target the most appropriate end-use. The aim will be to provide a reliable supply of material to end-users that is consistently uniform and meets their requirements.

OBJECTIVES

This project is concerned with the softwood species of commercial importance in Europe. Specifically our objectives are:

1. Link wood microstructure with the quality requirements for wood end use, with particular emphasis on construction timber.

2. Adapt laboratory-scale methods for analysis of wood microstructure and other methodologies so that they can be used to classify timber quality for different end uses as early as possible in the wood chain. The 'dream' is classification of logs in the forest or wood yard so that each log can be directed to the most appropriate end user, reducing cost, waste and transport requirements.

3. Provide inputs into breeding and silvicultural research programmes to maximise the availability of construction-grade timber in the face of changes to European forest policy, climatic change (increased temperatures, increased carbon dioxide levels, increasing wind and unpredictable rainfall) and increasing societal and biodiversity pressures on forest management.

Objective 1: Understanding the link between wood microstructure and end-use requirements.
The main requirements for construction timber are predictable strength, stiffness, and dimensional stability. These properties are related in a complex manner to the nature of wood, which is a sophisticated material whose elastic and fracture properties emerge from nanostructural and microstructural patterning within the tree.

The formation of wood is a function of tree growth, which determines wood density, chemical composition, cell structure (including microfibril angle), the size and distribution of knots and levels of compression wood. Detecting these properties in logs is at present very difficult even in the controlled environment of a sawmill. Laboratory methods have been quite recently developed for microdetermination of microfibril angle, wood density and chemical composition, so that these parameters can now be measured as they vary across and within annual rings. However, the exploitation of these methods is still in its infancy and a comprehensive body of microstructural data for the detailed understanding of construction timber quality has not yet been assembled. Further research on this topic is needed, in collaboration with end users. In one crucial area, the fracture properties of wood, much of the necessary basic science remains to be done. The strength of bonding between wood cells is known to be important and variable, but there are not yet methods to study the chemistry of the adherent layer and its destruction under stress. New methods need to be developed through collaboration between the fields of microstructural chemistry and fracture mechanics.

A major part of this project will be the development of methods for understanding how properties at the microscopic level (micrometers) translate to properties at the scale of interest to the end-user (centimetres to metres). This is likely to include sophisticated modelling techniques such as Finite Element Modelling (FEM) and numerical modelling of cell aggregates.

Objective 2: Develop methods for assessing timber quality throughout the wood chain.
There is an overlap between the quality requirements for construction timber and those for pulpwood. However the requirements for pulpwood are less stringent and defects of certain kinds, e.g. high or variable grain angle in otherwise satisfactory timber, would justify diversion of logs from constructional use to pulping. The challenge is to find ways of detecting these defects early enough in the wood chain to be of value to the industry. Similarly timber that is unsatisfactory for construction timber or pulping could be used for the particle-board industry but the necessary quality requirements need to be easily measurable.

A number of spectroscopic methods are now in use or under development for the measurement of wood properties as they vary in the radial dimension across annual rings. These include X-ray microdensitometry for local wood density; wide- and small-angle X-ray microdiffraction for microfibril angle and cellulose crystallinity; near-infrared and mid-range infrared and Raman microspectrometry for chemical composition and microfibril orientation; and UV microscopy for lignin structure. Some of these methods can potentially be adapted for rapid, automated measurement of wood properties on sawn timber surfaces, effectively in two dimensions, and could form the basis for new devices capable of measuring timber quality at the sawmill. Scanning technology such as CT tomography is also at an early stage of industrial use and allows a “view into the log” and detection of internal characteristics. This technology can be further developed as tool for pre-sorting of raw material for different purposes such as structural timber or for the production of engineered wood products. Development of these technologies to industrial practice is an achievable objective of this project.

A more ambitious objective is to extend the measurement technology to newly felled timber in the forest or even to growing trees. In this case the need is for three-dimensional rather than two-dimensional recording. A limiting factor with most of the techniques mentioned above is the limited penetration of the radiation used into solid wood, and it is likely that methods based on different principles such as ultrasonic or capacitance tomography or magnetic susceptibility will be more successful. However the development and validation of these technologies will require an extensive programme of comparative measurements on wood samples characterised both by mechanical testing and, at the microstructural level, by the spectroscopic methods described above.

Objective 3: Impact of tree breeding and silviculture on timber quality.
Changes in forest policy and climate will have an impact on future timber production and quality. The full impact of the move to less uniform forests is not understood and requires fundamental knowledge of tree growth and wood formation. With CCF and ACF it will be necessary to make use of single tree distance-dependent models and to couple these with existing and new timber quality models. Such coupling of models will allow the impacts of silviculture and tree breeding to be assessed.

Climate change is likely to increase temperatures, carbon dioxide levels and summer windiness and produce larger uncertainties in precipitation. In combination these will lead to faster but erratic growth rates with an increased variability in wood density. Furthermore, there may be increased losses due to wind damage, poorer stem form and higher levels of compression wood due to the increased wind loading or bent growth following loss of the leading shoot. Tolerance to climatic change can be dealt with partly through breeding programmes selecting for desired features to counteract these negative impacts or through modified silviculture, which encourages desirable tree characteristics.

It has recently been recognised that the radial pattern of wood density across annual rings can be correlated with meteorological records and contains a record of each tree's response to climatic stress. Within tree populations, the genetic basis of tolerance to climatic stress can in principle be isolated from such measurements. It may be possible to use data sets of this kind in genetic improvement programmes, and to understand the mechanical properties of wood as described above in Objective 1.

GENERAL APPROACH

The scope of the intended action is extremely large involving scientists and members of the wood industry at every stage of the wood chain. Therefore, it is necessary to adopt a multidisciplinary approach that utilises skills from across Europe to cover the range of issues being addressed. In order to keep the project focused and integrated overall co-ordination of the project will be critical. Each part of the wood chain will be broken into a major workpackage with sub workpackages addressing the specific scientific questions. A project leader reporting to the overall project co-ordinator will manage each workpackage.

The project will concentrate on the major commercial coniferous species including Norway spruce, Sitka spruce, Scots pine, European larch, Douglas fir, Silver fir and Maritime pine. The principal topics are:

1. The understanding of the influence of wood microstructure on the wood properties of relevance to the end-user

2. The development of techniques for the detection of wood properties at every stage of the wood chain.

3. The influence of tree breeding, silviculture and growth on wood quality

A key requirement of the project will be a close working relationship with the different parts of the forest and wood processing industries at every stage. This will ensure that the project remains relevant and the concerns and needs of the industry are properly accounted for. Furthermore, a large effort will be made to connect the different parts of the industry together so that by working together optimal solutions to problems can be devised. Such an approach is already beginning to show benefits through the formation of wood industry clusters in a number of European countries.

NEED AND RELEVANCE

The proposed actions will contribute to priority area 1.1.6.3, Global Change and Ecosystems. In particular, within the sub-area Strategies for sustainable land management including coastal zones, agricultural land and forests, the proposal is focused on multipurpose utilisation of forest resources. It is intended to integrate closely with other proposed actions concerned with sustainable forest management including those determining the impact of changes in silviculture to meet changing societal demands and the influence of changes to the European climate. We also wish to point out the cross-cutting parallels with priority area 1.1.3.ii, Knowledge-based Multifunctional Materials. Wood is a highly sophisticated material and research contacts with other areas of materials science are likely to be productive in both directions.

SCALE OF AMBITION AND CRITICAL MASS

This project is designed to move European wood production toward optimal usage. At every stage in the wood chain we are seeking to optimise the use of the wood, to minimise wastage and to avoid material being used for the wrong purpose. Furthermore, the promotion of wood as a raw material for the building industry in particular will help to reduce European energy consumption. This will help to make the production and use of wood as a raw material environmentally and economically sustainable within Europe.

The project is ambitious because it requires integration at all stages of the wood chain from the forest to the final end user and it also requires linking scientific understanding from the scale of cell to the scale of buildings. Until now it has proven extremely difficult to transfer knowledge of wood cell properties to the performance of wood products. Research on wood properties within Europe has made important contributions to pulping technology, but it has yielded less understanding of the mechanical properties that determine the quality of constructional timber. This is not surprising because wood is a highly structured material, whose mechanical behaviour is influenced as much by its microstructure as by its bulk composition. However the situation will be radically changed by new developments in the microstructural analysis of wood, which make it possible to determine the composition and orientation of its constituent polymers at the level of a single cell. For their potential to be realised these new microanalytical technologies, under development in a number of European laboratories, need to be integrated with European capabilities in materials science and fracture mechanics.

Creating new links and establishing more effective communication between all parts of the industry from end-users, sawmills, foresters, government and university laboratories will be a fundamental necessity if the new understanding of wood as a constructional material is to be translated into increased utilisation in buildings. A particular emphasis of this project will be to introduce the best scientific understanding in Europe at every stage of the wood chain. The full integration of industrial partners, forest managers and scientists is essential to ensure that ideas are tested in the working environment and scientists are aware of the real problems and issues for the industry.

To be successful we need to understand how tree growth, silviculture, breeding and wood processing contribute to the performance of the final product. This requires integration of effort across Europe to involve the best scientists and the most innovative members of the industry. In particular it will require involvement of SMEs to exploit new developments in instrumentation for assessing the quality of commercial timber entering the wood chain.

INTEGRATION

The project will involve activities of the following types:

· Research.

a) Develop more detailed understanding of the influence of wood microstructure on mechanical properties and end-use performance.

b) Develop the use of tree-ring microstructure for measuring genetic tolerance to environmental stress.

c) Improved understanding of the impact of tree growth, silviculture and genetics on wood properties.

· Technological development.

a) Establish web-based European forum for exchange of technical specifications for timber utilisation in housing construction and their assessment against engineering criteria for timber of average and improved quality.

b) Establish working group to advise the industry on the impacts of climate change and multipurpose forest management on the supply of potential construction-grade timber from European forests in the light of the findings of the 5th Framework MEFYQUE project.

c) Develop new instrumentation for timber quality assessment in partnership with the forest industry and SMEs

· Demonstration.

a) Establish cross-national demonstration scheme for timber-frame building construction.

b) Demonstrate the most effective detection technologies for assessing wood properties.

· Training.

a) Hold series of open workshops on timber quality as an objective in tree breeding and silviculture.

b) Set up training courses in the use of any new detection methodologies that become available to the industry during the course of the project.

Potential major participants envisaged are:

· UK:

Forest Research, University of Glasgow, Universities of Wales, Building Research Establishment, Centre of Ecology and Hydrology, SCRI. (Co-ordination, tree breeding, silvicultural techniques, timber technology, wood microstructure, wood chemical detection methodologies).

· France:

INRA (Nancy, Bordeaux and Orleans), Université Montpellier 2, (tree breeding, compression wood formation, wood quality modelling, microdensitometry, stress tolerance in trees, micro-measurements of elastic modulus)

· Austria:

Austrian Academy of Science, University of Agricultural Science (X-ray scattering and diffraction methods, fracture mechanics of wood)

· Sweden:

Swedish University of Agricultural Sciences, Chalmers University, Lulea University, STFI (Compression wood detection, wood engineering, CT scanning, X-ray densitometry and scattering, specifications for construction timber)

· Germany:
IFU and IWW (Freiburg University), University Stuttgart, Institut für Gehölze & Landschaft (Forest growth, tree mechanics, timber utilisation, wood technology, compression wood detection, CT tomography, stress wave tomography, ultrasonics)

· Italy

University of Florence, Universita di Torino, Politecnico di Torino (wood fine structure, CT scanning, within ring wood strength)

· Finland:

University of Joensuu (tree growth modelling, timber quality modelling microdensitometry)

· Ireland:

Institute of Technology Tallaght (wood quality, ultrasonic analysis)
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