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Second scientific intermediary report
Progress of the research
At the beginning of this year Benjamin Hahn finished the tests on friction welded the double lap welded joints started in 2010. Parallel to the experimental studies, a probabilistic method was used for numerical strength prediction. Comparisons between experimental data and numerical calculations showed good agreement. The results were published in the form of two conference papers. A journal paper was also submitted (see section Papers and Publications).
Subsequently, the research plan was defined and the mandatory candidacy exam for admission to the doctoral school at the EPFL was prepared. It was passed successfully on June 16.
In order to investigate the so-called scale effects, i.e. Inhomogeneities in weld quality and joint strength in welded joints of large surfaces, different test series were tested. First, a new test setup has been tested, which allows measuring the internal gas pressure, generated by the evaporating water content from the wood structure in the contact area. The first experiments were very promising and the measurements are currently being refined. In addition, temperature profiles were recorded at various points of contact area during the welding process in order to prove local differences in the process evolution. Shear tests made it possible to create a resistance profile over the surface. With the help of the experiments, the influence of the internal water evaporation pressure on the welding process when larger specimens are welded could be proved. It was agreed with Subproject C to work on two companion papers, one which deals with the experimental results (subproject D) and the other in which the numerical modelling of the measured process variables (subproject C) are included. The submission is planned for the first half of next year. Further details are not known yet.
The Subproject D sees a potential application of the welding technology in the production of large-scale solid wood panels. These can be used for both shear panels and bending plates. For a deeper understanding of the structural behaviour of the welded plates a series of tests was carried out only on a single node point, where three elements of the single layers meet. In the first test sequence, the suitability of the two basic welding techniques (linear friction welding and circular friction welding) for cross-wise bonding of wood layers was examined. The circular welding technique with a reduced amplitude proved to be most suitable to produce the cross-point connections. Surfaces of different sizes were welded and the so-called size effect for rigid connections could be observed. For subsequent numerical computation and probabilistic strength prediction, a test method allowing characterizing the interface and the mechanical failure criterion was developed. The results of these off-axis tests will be implemented in the numerical calculation and the results will be compared with the measured strength. It is envisaged to submit the results of these tests in a journal paper in the first half of 2012. The data has to be completed before the paper can be written and submitted. A paper is not selected yet.

Synergia

With the subproject C the cooperation on the investigation of the size effects mentioned above is planned. Together with the Subproject B attempts with the non destructive testing ultrasound method will be continued. These experiments will take place at EMPA in Dübendorf and are led by Dr. Juerg Neuenschwander. Test series were defined series, including dimensions and manufacturing details, and the test specimens were prepared at IBOIS (spruce) and at the BFH (beech). The studies with the application of the ultrasound technique will take place in the coming weeks.

Indented papers und publications

COST Action FP 0904 2012, Thermo-Hydro-Mechanical Wood Behaviour and Processing, Nancy (F), submitted abstract

Benjamin Hahn, Bernhard Stamm, Yves Weinand. Scale effects and influence of vapour generation during friction welding of spruce boards

International Journal of Adhesion and Adhesives, submitted 09/2011

Benjamin Hahn, Till Vallée, Bernhard Stamm, Yves Weinand. Experimental Investigations and Probabilistic Strength Prediction of welded Double Lap Joints composed of Timber. 

Published conference papers

International Conference on Mechanical Behavior of Materials ICM11, Como (I)

Benjamin Hahn, Yves Weinand, Bernhard Stamm, Till Vallée. Experimental investigations on welded double lap joints composed of timber.

Till Vallée, Yves Weinand, Benjamin Hahn, Bernhard Stamm. Numerical modelling and strength prediction of welded double lap joints made of timber.
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