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        Abstract
The fracture behavior of bond lines in hardwood has been studied. The joints of a phenol resorcinol formaldehyde (PRF) resin and a one-component polyurethane (PUR) adhesive with European beech wood (Fagus sylvatica L.) adherends were examined for their fracture toughness (Kc). The initial crack tip was placed directly in the adhesive as a thin silicon film. Thereby, the examination of the bond line, and not the solid wood, can be assured. Five different load angles were applied, from fracture mode 1 (M1) to mode 2 (M2), with an Arcan test mount. Additionally, three sample series conditioned at the relative humidities (RH) of 50%, 65%, and 95% of the surrounding air were tested. The results clearly show an increasing Kc of both adhesives with increasing shear stresses. This observation is valid for all RHs, but the differences decrease with increasing RH. The moisture dependency is more pronounced in PUR than in PRF glue joints. PUR generally shows a lower Kc than PRF, with the only exceptions being KI,c and KII,c in dry climate. The subsequent crack propagation in the PRF samples mainly takes place in the wood adherend, whereas, in the PUR samples, the cracks remain within the bond line (adhesive failure). Nevertheless, the performance of PUR glue joints is not worse than that of the solid wood, which can be attributed to the ductile behavior of the adhesive.
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Corresponding author: Samuel Ammann, Institute for Building Materials, Department of Civil, Environmental and Geomatic Engineering, ETH Zurich, HIF E 27, Stefano-Franscini-Platz 3, CH-8093 Zurich, Switzerland, e-mail: ammanns@ethz.ch


Acknowledgments
This research was carried out at ETH Zurich and funded through the National Research Programme (NRP 66) of the Swiss National Science Foundation.

References
Ammann, S., Niemz, P. (2014) Fibre and adhesive bridging at glue joints in European beech wood. Wood Res.-Slovakia 59:303–312.Search in Google Scholar
Ammann, S., Obersriebnig, M., Konnerth, J., Gindl-Altmutter, W., Niemz, P. (2014) Comparative adhesion analysis at glue joints in European beech and Norway spruce wood by means of nanoindentation. Int. J. Adhes. Adhes. 50:45–49.10.1016/j.ijadhadh.2013.12.023Search in Google Scholar
Danielsson, H., Gustafsson, P.J. (2011) A probabilistic fracture mechanics method and strength analysis of glulam beams with holes. Eur. J. Wood Prod. 69:407–419.10.1007/s00107-010-0475-1Search in Google Scholar
DIN 53804-1 (2002) Statistical evaluation. Part 1: continuous characteristics.Search in Google Scholar
EN 302-1 (2013) Adhesives for load-bearing timber structures – test methods. Part 1: determination of longitudinal tensile shear strength.Search in Google Scholar
EN 302-2 (2013) Adhesives for load-bearing timber structures – test methods. Part 2: determination of resistance to delamination.Search in Google Scholar
Fritsch, F., Carlson, R. (1980) Monotone piecewise cubic interpolation. SIAM J. Num. Anal. 17:238–246.Search in Google Scholar
Hanhijärvi, A. (1995) Modelling of creep deformation mechanisms in wood. Ph.D. thesis, Technical Research Centre of Finland, Espoo, Finland.Search in Google Scholar
Hering, S. (2011) Charakterisierung und Modellierung der Materialeigenschaften von Rotbuchenholz zur Simulation von Holzverklebungen. Ph.D. thesis, ETH Zürich, Switzerland.Search in Google Scholar
ISO 25217 (2009) Adhesives – determination of the mode 1 adhesive fracture energy of structural adhesive joints using double cantilever beam and tapered double cantilever beam specimens.Search in Google Scholar
Kläusler, O., Clauß, S., Lübke, L., Trachsel, J., Niemz, P. (2013) Influence of moisture on stress-strain behaviour of adhesives used for structural bonding of wood. Int. J. Adhes. Adhes. 44:57–65.10.1016/j.ijadhadh.2013.01.015Search in Google Scholar
Müller, U., Sretenovic, A., Vincenti, A., Gindl, W. (2005) Direct measurement of strain distribution along a wood bond line. Part 1: shear strain concentration in a lap joint specimen by means of electronic speckle pattern interferometry. Holzforschung 59:300–306.10.1515/HF.2005.050Search in Google Scholar
Ormarsson, S. (1999) Numerical analysis of moisture-related distortions in sawn timber. Ph.D. thesis, Chalmers University of Technology, Göteborg, Sweden.Search in Google Scholar
Ozyhar, T., Hering, S., Niemz, P. (2012a) Moisture-dependent elastic and strength anisotropy of European beech wood in tension. J. Mater. Sci. 47:6141–6150.10.1007/s10853-012-6534-8Search in Google Scholar
Ozyhar, T., Jüstrich, S., Niemz, P. (2012b) Tensile, compressive and bending properties of European beech wood at high moisture levels. Ann. WULS-SGGW For. Wood Technol. 79:135–142.Search in Google Scholar
Qiu, L.P., Zhu, E.C., van de Kuilen, J.W.G. (2014) Modeling crack propagation in wood by extended finite element method. Eur. J. Wood Prod. 72:273–283.10.1007/s00107-013-0773-5Search in Google Scholar
Richard, H.A., Benitz, K. (1983) A loading device for the creation of mixed mode in fracture mechanics. Int. J. Fract. 22:R55–R58.10.1007/BF00942726Search in Google Scholar
River, B.H. (2003) Fracture of adhesive-bonded wood joints. In: Handbook of Adhesive Technology. Eds. Pizzi, A., Mittal, K.L., Marcel Dekker, New York. pp. 327–352.10.1201/9780203912225.ch15Search in Google Scholar
Scheffler, M., Niemz, P., Diener, M., Lustig, V., Hardtke, H.-J. (2004) Untersuchungen zur Ermittlung der Bruchzähigkeit an Laubholz in den Rissöffnungsmodi I und II. Eur. J. Wood Prod. 62:93–100.10.1007/s00107-003-0443-0Search in Google Scholar
Serrano, E. (2000) Adhesive joints in timber engineering. Modelling and testing of fracture properties. Ph.D. thesis, Lund University, Sweden.Search in Google Scholar
Smith, I., Landis, E., Gong, M. Fracture and Fatigue in Wood. Wiley & Sons, Chichester, 2003.Search in Google Scholar
Sonderegger, W., Hering, S., Niemz, P. (2011) Thermal behaviour of Norway spruce and European beech in and between the principal anatomical directions. Holzforschung 65:369–375.10.1515/hf.2011.036Search in Google Scholar
Wagenführ, R. Holzatlas. 6th ed. Fachbuchverlag, Leipzig, 2007.Search in Google Scholar
Yan, N., Frihart, C., Hunt, C., Eds. (2013) Proceedings of the International Conference on Wood Adhesives, Toronto, Ontario, Canada.Search in Google Scholar

Received: 2014-3-27
Accepted: 2014-9-17
Published Online: 2014-10-10
Published in Print: 2015-5-1

©2015 by De Gruyter




    


                
            

    



                                


                                
                                



    
        
            
                
                    
                
                
                                    

    
        
            Cite this article

        

    

    
        
            	
                        
                            
                            MLA
                        
                    
	
                        
                            
                            APA
                        
                    
	
                        
                            
                            Harvard
                        
                    
	
                        
                            
                            Chicago
                        
                    
	
                        
                            
                            Vancouver
                        
                    


        

        
            
                
                    Ammann, Samuel and Niemz, Peter. "Mixed-mode fracture toughness of bond lines of PRF and PUR adhesives in European beech wood" Holzforschung, vol. 69, no. 4, 2015, pp. 415-420. https://doi.org/10.1515/hf-2014-0096

                
                    Ammann, S. & Niemz, P. (2015). Mixed-mode fracture toughness of bond lines of PRF and PUR adhesives in European beech wood. Holzforschung, 69(4), 415-420. https://doi.org/10.1515/hf-2014-0096

                
                    Ammann, S. and Niemz, P. (2015) Mixed-mode fracture toughness of bond lines of PRF and PUR adhesives in European beech wood. Holzforschung, Vol. 69 (Issue 4), pp. 415-420. https://doi.org/10.1515/hf-2014-0096

                
                    Ammann, Samuel and Niemz, Peter. "Mixed-mode fracture toughness of bond lines of PRF and PUR adhesives in European beech wood" Holzforschung 69, no. 4 (2015): 415-420. https://doi.org/10.1515/hf-2014-0096

                
                    Ammann S, Niemz P. Mixed-mode fracture toughness of bond lines of PRF and PUR adhesives in European beech wood. Holzforschung. 2015;69(4): 415-420. https://doi.org/10.1515/hf-2014-0096

                
                Copied to clipboard

            

            
                Copy to clipboard

                
                    Download:
                    
                        BibTeX
                    
                        EndNote
                    
                        RIS
                    
                

            

        

    





                                
            

        

    




                                



    
        
            
                
                    
                
                
                                    



    
        
            
                    Share this article
                
        

        	
                
                    
                        
                    
                    Facebook
                
            
	
                
                    
                        
                    
                    Twitter
                
            
	
                
                    
                        
                    
                    LinkedIn
                
            


    




                                
            

        

    




                                



    
        
            
                
                    
                
                
                                    Supplementary Materials

                                    

                                
            

        

    




                                




    
        
            
                
                    
                
                
    
        Please login or register with De Gruyter to order this product.

        
Register
Log in
    


            

        

    







                                

                            

                        

                    

                


            


            
                
                    
                    
                        
                        

                        
                        
                            


                        

                        
                        
                            


                        

                        

                                
                                From the journal

                                
                                    
                                        







      


                                    

                                    
                                    
                                        
                                            Holzforschung
                                        

                                        
                                        
                                            
                                                Volume 69 Issue 4
                                            
                                        

                                        
                                    

                                


                                
                                
                                    
                                        
                                            
                                                Submit manuscript
                                            

                                        
                                    
                                

                                
                                
                                    
                                        Journal and Issue
                                    
                                


                                
                                


    

        
        
            
            
                
                    
                
            

        


        
                
                
                    
                        
                        
                            This issue
                        
                    

                    
                        
                        
                            All issues
                        
                    


                

            
        

    





                                
                                
                                    

    Articles in the same Issue


    
        
            
                
                    
                    
                        Frontmatter
                    
                    

                


            
                
                    
                    
                        
                            
                            Review Articles
                        
                    
                    

                


            
                
                    
                    
                        A large-scale test set-up for measuring VOC emissions from wood products under laboratory conditions in simulated real rooms
                    
                    

                


            
                
                    
                    
                        Industrial waste water for biotechnological reduction of aldehyde emissions from wood products
                    
                    

                


            
                
                    
                    
                        
                            
                            Original Articles
                        
                    
                    

                


            
                
                    
                    
                        Light scattering characterization of lignosulfonate structure in saline solutions
                    
                    

                


            
                
                    
                    
                        Differences in wood properties of Picea abies L. Karst. in relation to site of provenance and population genetics
                    
                    

                


            
                
                    
                    
                        Rapid determination of biomass and polypropylene in three types of wood plastic composites (WPCs) using FTIR spectroscopy and partial least squares regression (PLSR)
                    
                    

                


            
                
                    
                    
                        Thermal modification of Southern pine combined with wax emulsion preimpregnation: effect on hydrophobicity and dimensional stability
                    
                    

                


            
                
                    
                    
                        
                            
                            Mixed-mode fracture toughness of bond lines of PRF and PUR adhesives in European beech wood
                        
                    
                    

                


            
                
                    
                    
                        Effect of specimen dimension and pre-heating temperature on supercritical CO2 dewatering of radiata pine sapwood
                    
                    

                


            
                
                    
                    
                        Sound absorption of wood-based materials
                    
                    

                


            
                
                    
                    
                        Threshold for ion movements in wood cell walls below fiber saturation observed by X-ray fluorescence microscopy (XFM)
                    
                    

                


            
                
                    
                    
                        Oxygen plasma treatment of bamboo fibers (BF) and its effects on the static and dynamic mechanical properties of BF-unsaturated polyester composites
                    
                    

                


            
                
                    
                    
                        A combined view on composition, molecular structure, and micromechanics of fungal degraded softwood
                    
                    

                


            
                
                    
                    
                        Morphological changes induced in wood samples by aqueous NaOH treatment and their effects on the conversion of cellulose I to cellulose II
                    
                    

                


            
                
                    
                    
                        Young’s modulus and shear modulus of solid wood measured by the flexural vibration test of specimens with large height/length ratios
                    
                    

                


            
                
                    
                    
                        Effects of cell wall ultrastructure on the transverse shrinkage anisotropy of Scots pine wood
                    
                    

                


            
                
                    
                    
                        
                            
                            Short Note
                        
                    
                    

                


            
                
                    
                    
                        Reacted copper(II) concentrations in earlywood and latewood of micronized copper-treated Canadian softwood species
                    
                    

                


            
        
    




                                
                            
                    


                

            
        


        





        
    

    



        
            
        
        
    
    

    









    
        
            
            
                
                
                    
    
        Subjects

    

                    
                        
                            
                                	Architecture and Design
	Arts
	Asian and Pacific Studies
	Business and Economics
	Chemistry
	Classical and Ancient Near Eastern Studies
	Computer Sciences
	Cultural Studies
	Engineering
	General Interest


                            

                        
                            
                                	Geosciences
	History
	Industrial Chemistry
	Islamic and Middle Eastern Studies
	Jewish Studies
	Law
	Library and Information Science, Book Studies
	Life Sciences
	Linguistics and Semiotics
	Literary Studies


                            

                        
                            
                                	Materials Sciences
	Mathematics
	Medicine
	Music
	Pharmacy
	Philosophy
	Physics
	Social Sciences
	Sports and Recreation
	Theology and Religion


                            

                        
                    

                

                
                
                    
                        
                        
                            
    
        Services

    

                            	For Journal Authors
	For Book Authors
	For Librarians
	Rights & Permissions


                        

                        
                        
                            
    
        Publications

    

                            	Publication types
	Open Access


                        

                        
                        
                            
    
        About

    

                            	Contact
	Career
	About De Gruyter
	Partnerships
	Press
	FAQs


                        

                    


                    
                    
                        
                            Social

                            	
                
                    
                            
                                
                            
                        
                    Facebook
                
            
	
                
                    
                            
                                
                            
                        
                    Instagram
                
            
	
                
                    
                            
                                
                            
                        
                    LinkedIn
                
            
	
                
                    
                            
                                
                            
                        
                    Twitter
                
            
	
                
                    
                            
                                
                            
                        
                    YouTube
                
            


                        

                        
                            

                            
                                
                                    
                                    
                                        Winner of the OpenAthens
Best Publisher UX Award 2022
                                    
                                
                            

                        

                    

                    
                    
                        
                            

                            	
                
                    
                            
                                
                            
                        
                    Facebook
                
            
	
                
                    
                            
                                
                            
                        
                    Instagram
                
            
	
                
                    
                            
                                
                            
                        
                    LinkedIn
                
            
	
                
                    
                            
                                
                            
                        
                    Twitter
                
            
	
                
                    
                            
                                
                            
                        
                    YouTube
                
            


                            
                                
                                    
                                    
                                        Winner of the OpenAthens
Best Publisher UX Award 2022
                                    
                                
                            

                        

                    

                

                
                    

                

            

            
            
                
                    	Help/FAQ
	Privacy policy
	Cookie Policy
	Accessibility
	Terms & Conditions
	Legal Notice


                

                
                    © Walter de Gruyter GmbH 2024

                

                
                
                    

                

            

        

    


    





    Downloaded on 8.3.2024 from https://www.degruyter.com/document/doi/10.1515/hf-2014-0096/pdf




    
    
        
    

    
    
    
    

    

    

    
    
    
    

    
    
        
            
        
    
    
        
    

        
    

    
        
    

    

