
LUND UNIVERSITY

PO Box 117
221 00 Lund
+46 46-222 00 00

Strength and fracture analysis of shear mode III in cross laminated timber

Danielsson, Henrik; Serrano, Erik; Gustafsson, Per-Johan

2019

Link to publication

Citation for published version (APA):
Danielsson, H., Serrano, E., & Gustafsson, P.-J. (2019). Strength and fracture analysis of shear mode III in cross
laminated timber. Abstract from ECCOMAS Thematic Conference on Computational Methods in Wood
Mechanics - from Material Properties to Timber Structures (CompWood 2019), Växjö, Sweden.

Total number of authors:
3

General rights
Unless other specific re-use rights are stated the following general rights apply:
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors
and/or other copyright owners and it is a condition of accessing publications that users recognise and abide by the
legal requirements associated with these rights.
 • Users may download and print one copy of any publication from the public portal for the purpose of private study
or research.
 • You may not further distribute the material or use it for any profit-making activity or commercial gain
 • You may freely distribute the URL identifying the publication in the public portal

Read more about Creative commons licenses: https://creativecommons.org/licenses/
Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove
access to the work immediately and investigate your claim.

https://portal.research.lu.se/en/publications/51ac84d4-3256-489c-90d1-3b35d6417795


Strength and fracture analysis of shear mode III in cross laminated timber 
 

Henrik Danielsson†*, Erik Serrano†, and Per Johan Gustafsson† 

 
†Division of Structural Mechanics, Lund University, henrik.danielsson@construction.lth.se, 

erik.serrano@construction.lth.se, per-johan.gustafsson@construction.lth.se 
 

At in-plane shear loading of cross laminated timber (CLT), three failure modes (FM) are generally considered in design: 
gross shear failure (FM I), net shear failure (FM II) and shear failure in the crossing areas (FM III). FM III relates to 
shear stresses acting in the crossing areas between flat-wise bonded laminations, belonging to adjacent layers and being 
oriented orthogonally to one another. Relative translations and relative rotation between the two bonded laminations 
give rise to shear stresses acting in the plane of the bonded area, i.e. the xy-plane according to Figure 1. 

For design with respect to FM III, considering relative translation and rotation, the following stress interaction failure 
criteria have been proposed in e.g. [1] and [2]  
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where τtor is a torsional shear stress due to the torsional moment Mtor while τzx and τzy are the shear stresses due to shear 
forces Fx and Fy, respectively, see Figure 1. The torsional shear stress τtor is assumed to be equal to the maximum shear 
stress at the mid-points of the edges of the crossing area, as calculated from linear elastic theory using the polar moment 
of inertia of the bonded area. The corresponding shear strength, fv,tor, refers to the strength at pure torsional loading. 
Shear stress components τzx and τzy are in design commonly assumed to be uniformly distributed and the corresponding 
strength value, fv,R, refers to the rolling shear strength of the laminations. 

 
 

Figure 1: Illustration of a) cross laminated timber at in-plane shear loading b) corresponding shear failure modes I, II and III and 
c) decomposition of shear stress components τzx, τzy and τtor and their assumed distributions within a crossing area.  

 
3D non-linear finite element (FE) analyses have been performed in order to investigate the strength and fracture course 
for shear failure mode III, as proposed in [3]. A single node, consisting of two orthogonally bonded laminations, was 
modelled. The bonding between the laminations was modelled using a cohesive zone approach, including strain 
softening behaviour after reaching the local material strength. Loading conditions representing pure shear force, pure 
torsion and mixed modes were considered and the global load-bearing capacity and the fracture course was studied. The 
presentation discusses the results of the FE-analyses in relation to experimental test results, considering the failure 
criteria in Equations (1a) and (1b).  
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