Design of Connections
in Timber Structures

Editors:
Carmen Sandhaas, Jagrgen Munch-Andersen,
Philipp Dietsch

ocoskE

EUROPEAN COOPERATION
IN SCIENCE & TECHNOLOGY



Design of Connections
in Timber Structures

A state-of-the-art report by
COST Action FP1402 / WG3

With contributions by:

Thomas K. Bader, Hans Joachim Blass, Jean-Francois Bocquet,

Jorge M. Branco, Reinhard Brandner, José Manuel Cabrero, Kurt de Proft,
Thierry Descamps, Philipp Dietsch, Bettina Franke, Steffen Franke,
Rainer Gorlacher, Robert Jockwer, André Jorissen, Marion Kleiber,
Romain Lemaitre, Jargen Munch-Andersen, Tomaz Pazlar,

Keerthi Ranasinghe, Andreas Ringhofer, Carmen Sandhaas,

Michael Schweigler, Mislav Stepinac, Eero Tuhkanen, Maxime P. Verbist,
Miguel Yurrita

Editors:
Carmen Sandhaas, Jargen Munch-Andersen, Philipp Dietsch

EUROPEAN COOPERATION of the European Union
IN SCIENCE & TECHNOLOGY

v E D 5 t - Funded by the Horizon 2020 Framework Programme



Bibliographic information published by the Deutsche Nationalbibliothek
The Deutsche Nationalbibliothek lists this publication in the Deutsche
Nationalbibliografie; detailed bibliographic data are available in the Internet at
http://dnb.d-nb.de.

This publication is based upon work from COST Action FP1402, supported by
COST (European Cooperation in Science and Technology).

COST (European Cooperation in Science and Technology) is a funding agency
for research and innovation networks. Our Actions help connect research initiati-
ves across Europe and enable scientists to grow their ideas by sharing them with
their peers. This boosts their research, career and innovation.

WwWw.cost.eu

v E D 5 t - Funded by the Horizon 2020 Framework

EUROPEAN COOPERATION Programme of the European Union
IN SCIENCE & TECHNOLOGY

No permission to reproduce or utilise the contents of this book by any means is
necessary, other than in the case of images, diagrams or other material from
other copyright holders.

In such cases, permission of the copyright holders is required. This book may be
cited as: Sandhaas, C., Munch-Andersen, J., Dietsch, P. (eds.), Design of
Connections in Timber Structures: A state-of-the-art report by COST Action
FP1402 / WG3, Shaker Verlag Aachen,2018.

Neither the COST Office nor any person acting on its behalf is responsible for
the use which might be made of the information contained in this publication.
The COST Office is not responsible for the external websites referred to in this
publication.

Copyright Shaker Verlag 2018

All rights reserved. No part of this publication may be reproduced, stored in a
retrieval system, or transmitted, in any form or by any means, electronic,
mechanical, photocopying, recording or otherwise, without the prior permission
of the publishers.

Printed in Germany.

ISBN 978-3-8440-6144-4

ISSN 0945-067X

Shaker Verlag GmbH ¢ P.O. BOX 101818 * D-52018 Aachen

Phone: 0049/2407/9596-0 < Telefax: 0049/2407/9596-9
Internet: www.shaker.de ¢ e-mail: info@shaker.de



CONTENTS

General
) 3T5 (016 18118 (o) o NSRRI 1

Results from a questionnaire for practitioners about the
connections chapter of EUrocode S..........ccovvvieiinieiinieieciceeeeecee e 3

Proposal for new structure of the connections chapter............cccceeeeeverieeeeneiiennens 19

Single fasteners

Technical specifications for fasteners..........ccoccvevverierieiieieiiciese e 25
Test methods for determination of design parameters of fasteners...........cc.ccoceenue. 33
Nailed connections: Investigation on parameters for Johansen model ................... 61
Database Of STAPLES......c.coueieiiiiiririeteeiecee et 75
Database Of SCIEWS......coueiuiieiieiriiriiieeteet ettt 85
Database and parameterization of embedment Slip CUIVES......ccoveveirireiirereee 87
Connections

Stiffness and deformation of connections with dowel-type fasteners..................... 95
A review of the existing models for brittle failure in

connections loaded parallel to the Srain ...........cecceveevienieienieieneeeeeen, 127
Brittle failure of connections loaded perpendicular to grain..........c.ccceeeeevennennene. 143
Design approaches for dowel-type connections in CLT structures and

their VETTTICAtION. .. .oviiiiiieieieee et 161
Dowelled connections and glued-in rods in beech wood ...........ccoecvevverieienienenn. 193

Beam-on-foundation modelling as an alternative design method for
Single fastener CONMECIONS .........eivirueeeieieiieec ettt 207

Numerical modeling of the load distribution in multiple fastener connections ....221

Design recommendations and example calculations for

dowel-type connections with multiple shear planes...........ccocvevveeieceniecienieennenn, 241
Design of three typologies of step joints —

Review of European standardized approaches ...........cccceeceeverienieneeniencnienieeennn, 297
Closure

CONCIUSIONS ...ttt ettt ettt ettt ebeeaes 319

List of publications and STSM 1ePOItS.......cceveerieririienieieniieiereee e 323



