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�$�%�6�7�5�$�&�7���� �2�Y�H�U�� �W�K�H�� �O�D�V�W�� �I�H�Z�� �\�H�D�U�V���� �W�K�H�� �V�W�U�X�F�W�X�U�D�O�� �D�Q�D�O�\�V�L�V�� �R�I�� �W�L�P�E�H�U�� �H�O�H�P�H�Q�W�V�� �L�Q�� �U�H�O�D�W�L�R�Q�� �W�R�� �W�K�H�� �V�H�U�Y�L�F�H�� �V�W�D�W�H�� �K�D�V��
�H�Y�R�O�Y�H�G���V�L�J�Q�L�I�L�F�D�Q�W�O�\�����,�Q�G�H�H�G�����V�H�Y�H�U�D�O���V�W�D�W�L�F���F�D�O�F�X�O�D�W�L�R�Q���S�U�R�F�H�G�X�U�H�V���K�D�Y�H���E�H�H�Q���G�H�Y�H�O�R�S�H�G�����2�Q���W�K�H���F�R�Q�W�U�D�U�\�����Q�R���V�W�D�Q�G�D�U�G��
�S�U�R�F�H�G�X�U�H���K�D�V���E�H�H�Q�� �G�H�Y�H�O�R�S�H�G�� �W�R���V�X�S�S�R�U�W�� �W�K�H�� �V�W�D�W�L�F�� �F�D�O�F�X�O�D�W�L�R�Q���F�R�Q�F�H�U�Q�L�Q�J�� �W�K�H���X�O�W�L�P�D�W�H�� �O�L�P�L�W�� �V�W�D�W�H�� �R�I�� �W�L�P�E�H�U�� �H�O�H�P�H�Q�W�V����
�Z�K�L�F�K���I�R�F�X�V�H�V���R�Q���W�K�H���G�H�I�L�Q�L�W�L�R�Q���R�I���W�K�H���F�R�O�O�D�S�V�H���O�R�D�G�����,�Q�G�H�H�G�����L�Q���W�K�H���V�W�U�X�F�W�X�U�D�O���D�Q�D�O�\�V�L�V���R�I���W�K�H���V�H�U�Y�L�F�H���V�W�D�W�H�����P�D�Q�\���I�D�F�W�R�U�V��
�L�Q�I�O�X�H�Q�F�L�Q�J���W�K�H���X�O�W�L�P�D�W�H���O�L�P�L�W���V�W�D�W�H���D�U�H���Q�R�W���D�G�H�T�X�D�W�H�O�\���F�R�Q�V�L�G�H�U�H�G����
�7�K�H���S�D�S�H�U���G�L�V�F�X�V�V�H�V���W�K�H���G�H�Y�H�O�R�S�P�H�Q�W���R�I���W�K�H���V�W�D�W�L�F���F�D�O�F�X�O�D�W�L�R�Q���S�U�R�F�H�G�X�U�H���R�I���W�K�H���X�O�W�L�P�D�W�H���O�L�P�L�W���V�W�D�W�H���R�I���W�L�P�E�H�U���V�W�U�X�F�W�X�U�H�V����
�7�K�H�� �X�O�W�L�P�D�W�H�� �O�L�P�L�W�� �V�W�D�W�H�� �L�V�� �G�H�W�H�U�P�L�Q�H�G�� �Z�L�W�K�� �W�K�H�� �V�X�S�S�R�U�W�� �R�I�� �W�K�H���W�K�H�R�U�\�� �R�I�� �S�O�D�V�W�L�F�L�W�\���� �D�Q�G�� �S�D�U�W�L�F�X�O�D�U�O�\�� �W�K�U�R�X�J�K�� �W�K�H�� �O�R�Z�H�U��
�E�R�X�Q�G���W�K�H�R�U�H�P�����$�W���I�L�U�V�W�����W�K�H���\�L�H�O�G���F�R�Q�G�L�W�L�R�Q�V���R�I���W�L�P�E�H�U���D�U�H���G�H�Y�H�O�R�S�H�G�����7�K�H���\�L�H�O�G���F�R�Q�G�L�W�L�R�Q�V�����J�R�Y�H�U�Q�H�G���E�\���D���I�H�Z���P�D�W�H�U�L�D�O��
�U�H�O�D�W�H�G�� �S�D�U�D�P�H�W�H�U�V���� �D�U�H�� �F�R�P�S�R�V�H�G�� �R�I�� �G�L�I�I�H�U�H�Q�W�� �U�H�J�L�P�H�V���� �H�D�F�K�� �U�H�S�U�H�V�H�Q�W�L�Q�J�� �D�� �G�L�I�I�H�U�H�Q�W�� �I�D�L�O�X�U�H�� �P�R�G�H���� �%�\�� �L�Q�W�U�R�G�X�F�L�Q�J��
�D�Q�L�V�R�W�U�R�S�L�F���\�L�H�O�G���F�R�Q�G�L�W�L�R�Q�V�����W�K�H���S�O�D�V�W�L�F���W�K�H�R�U�\���D�O�O�R�Z�V���F�R�Q�V�L�G�H�U�L�Q�J���W�K�H���D�Q�L�V�R�W�U�R�S�\���R�I���W�K�H���P�D�W�H�U�L�D�O���H�I�I�H�F�W�L�Y�H�O�\�����$�I�W�H�U�Z�D�U�G�V����
�W�K�H���G�H�I�L�Q�H�G�� �\�L�H�O�G�� �F�R�Q�G�L�W�L�R�Q�V�� �D�U�H�� �L�P�S�O�H�P�H�Q�W�H�G�� �L�Q�� �W�K�H���D�Q�D�O�\�V�L�V�� �D�Q�G�� �G�H�V�L�J�Q���R�I�� �L�Q�W�H�U�O�R�F�N�L�Q�J�� �W�L�P�E�H�U���W�R���W�L�P�E�H�U�� �F�R�Q�Q�H�F�W�L�R�Q�V����
�7�K�H���X�V�H���R�I�� �W�K�H���W�K�H�R�U�\�� �R�I�� �S�O�D�V�W�L�F�L�W�\�� �D�O�O�R�Z�V���G�H�W�H�U�P�L�Q�L�Q�J�� �L�Q���D�Q���L�O�O�X�V�W�U�D�W�L�Y�H���Z�D�\�� �W�K�H���U�H�V�S�H�F�W�L�Y�H���V�W�U�H�V�V���V�W�D�W�H���L�Q���W�K�H���H�O�H�P�H�Q�W����
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�L�Q���W�K�H���F�R�Q�V�W�U�X�F�W�L�R�Q���L�Q�G�X�V�W�U�\���K�D�V���J�U�R�Z�Q���F�R�Q�V�L�G�H�U�D�E�O�\�����D�Q�G��
�W�L�P�E�H�U���V�W�U�X�F�W�X�U�H�V���D�U�H���J�R�L�Q�J���W�K�U�R�X�J�K���D���Q�H�Z���S�K�D�V�H���R�I���J�U�H�D�W��
�L�Q�W�H�U�H�V�W�� �D�Q�G�� �G�H�Y�H�O�R�S�P�H�Q�W���� �2�Q�� �W�K�H�� �R�Q�H�� �K�D�Q�G���� �W�K�H�� �U�H�F�H�Q�W��
�Z�D�Y�H�V�� �R�I�� �H�F�R�O�R�J�\�� �D�Q�G�� �V�X�V�W�D�L�Q�D�E�L�O�L�W�\�� �K�D�Y�H�� �U�H�Q�H�Z�H�G��
�D�W�W�H�Q�W�L�R�Q���W�R���Q�D�W�X�U�D�O���P�D�W�H�U�L�D�O�V�����V�X�F�K���D�V���Z�R�R�G�����2�Q���W�K�H���R�W�K�H�U��
�K�D�Q�G�����R�Q�H���R�I���W�K�H���P�D�L�Q���G�U�L�Y�L�Q�J���I�R�U�F�H�V���E�H�K�L�Q�G���W�K�H���U�H�Y�L�Y�D�O���L�V��
�W�K�H���H�P�H�U�J�H�Q�F�H���R�I���G�L�J�L�W�L�]�D�W�L�R�Q���L�Q���W�K�H���W�L�P�E�H�U���L�Q�G�X�V�W�U�\�����7�K�L�V��
�F�R�Q�V�W�H�O�O�D�W�L�R�Q�� �I�R�V�W�H�U�V�� �W�K�H�� �H�[�S�O�R�U�D�W�L�R�Q�� �R�I�� �Q�H�Z�� �V�R�O�X�W�L�R�Q�V��
�J�R�L�Q�J���E�H�\�R�Q�G���W�U�D�G�L�W�L�R�Q�D�O���W�\�S�R�O�R�J�L�H�V����
�'�X�U�L�Q�J�� �W�K�H�� �O�D�V�W�� ������ �\�H�D�U�V���� �G�L�J�L�W�D�O�� �W�H�F�K�Q�R�O�R�J�L�H�V�� �K�D�Y�H�� �E�H�H�Q��
�K�H�D�Y�L�O�\�� �D�G�R�S�W�H�G�� �E�\�� �W�K�H�� �W�L�P�E�H�U�� �L�Q�G�X�V�W�U�\���� �E�H�F�R�P�L�Q�J�� �D��
�F�R�P�P�R�Q�� �S�U�D�F�W�L�F�H�� �L�Q�� �E�R�W�K�� �W�K�H�� �G�H�V�L�J�Q�� �D�Q�G�� �P�D�Q�X�I�D�F�W�X�U�L�Q�J��
�S�K�D�V�H�V�����7�K�H���X�V�H���R�I���&�R�P�S�X�W�H�U���$�L�G�H�G���'�H�V�L�J�Q�����&�$�'�����W�R�R�O�V��
�D�Q�G�� �&�R�P�S�X�W�H�U���$�L�G�H�G�� �0�D�Q�X�I�D�F�W�X�U�L�Q�J�� ���&�$�0����
�W�H�F�K�Q�R�O�R�J�L�H�V���� �O�L�N�H�� �&�R�P�S�X�W�H�U�� �1�X�P�H�U�L�F�D�O�� �&�R�Q�W�U�R�O�� ���&�1�&����
�P�D�F�K�L�Q�H�V���� �K�D�V�� �V�X�S�S�R�U�W�H�G�� �W�K�H�� �G�H�Y�H�O�R�S�P�H�Q�W�� �R�I�� �F�R�P�S�O�H�[��
�W�K�U�H�H���G�L�P�H�Q�V�L�R�Q�D�O���D�Q�G���F�X�V�W�R�P�L�]�H�G���J�H�R�P�H�W�U�L�H�V�����Z�K�L�F�K���F�D�Q��
����������������������������������������������������������������������������������������������������������������������
�����'�D�Y�L�G�H���7�D�Q�D�G�L�Q�L�����&�K�D�L�U���R�I���6�W�U�X�F�W�X�U�D�O���'�H�V�L�J�Q������
�,�Q�V�W�L�W�X�W�H���I�R�U���7�H�F�K�Q�R�O�R�J�\���L�Q���$�U�F�K�L�W�H�F�W�X�U�H�����,�7�$������
�6�Z�L�V�V���)�H�G�H�U�D�O���,�Q�V�W�L�W�X�W�H���R�I���7�H�F�K�Q�R�O�R�J�\�����(�7�+��������
�6�W�H�I�D�Q�R���)�U�D�Q�V�F�L�Q�L���3�O�D�W�]�������������������=�X�U�L�F�K�����6�Z�L�W�]�H�U�O�D�Q�G������
�W�D�Q�D�G�L�Q�L�#�D�U�F�K���H�W�K�]���F�K��
�����3�U�R�I�����'�U�����-�R�V�H�S�K���6�F�K�Z�D�U�W�]�����&�K�D�L�U���R�I���6�W�U�X�F�W�X�U�D�O���'�H�V�L�J�Q������
�,�Q�V�W�L�W�X�W�H���I�R�U���7�H�F�K�Q�R�O�R�J�\���L�Q���$�U�F�K�L�W�H�F�W�X�U�H�����,�7�$������
�6�Z�L�V�V���)�H�G�H�U�D�O���,�Q�V�W�L�W�X�W�H���R�I���7�H�F�K�Q�R�O�R�J�\�����(�7�+��������
�6�W�H�I�D�Q�R���)�U�D�Q�V�F�L�Q�L���3�O�D�W�]�������������������=�X�U�L�F�K�����6�Z�L�W�]�H�U�O�D�Q�G������
�V�F�K�Z�D�U�W�]�#�D�U�F�K���H�W�K�]���F�K��
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�R�I�� �W�L�P�E�H�U�� �F�R�Q�Q�H�F�W�L�R�Q�V���� �V�X�F�K�� �D�V�� �L�Q�W�H�U�O�R�F�N�L�Q�J�� �>���@���� �J�O�X�H�G��
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Figure 1: Detail of the connection in the Tamedia Building, 
Shigeru Ban, 2013, Zurich 
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Figure 2: The construction of one of the modules of the DFAB 
Timber Frame House, NCCR-dfab, 2018, Zurich 
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Table 1: Overview of the plastic solution  
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�E�R�X�Q�G��
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�X�V�H�G�� �W�R�� �W�H�V�W�� �H�[�L�V�W�L�Q�J�� �V�W�U�X�F�W�X�U�H�V���� �Z�K�H�U�H�� �W�K�H�� �G�R�P�L�Q�D�Q�W��
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�V�X�L�W�D�E�O�H�� �I�R�U�� �W�K�H�� �G�H�V�L�J�Q���� �V�L�Q�F�H�� �W�K�H�� �V�W�U�H�V�V�� �V�W�D�W�H�� �L�V�� �R�Q�O�\��
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�,�Q�� �W�K�H�� �V�W�D�W�L�F�� �V�R�O�X�W�L�R�Q���� �R�Q�O�\�� �V�W�D�W�L�F�� �F�R�Q�V�L�G�H�U�D�W�L�R�Q�V�� �D�U�H��
�D�G�R�S�W�H�G���� �$�� �V�\�V�W�H�P�� �R�I�� �I�R�U�F�H�V��QS�� �J�H�Q�H�U�D�W�H�V�� �D�� �V�W�U�H�V�V�� �V�W�D�W�H����
�7�K�H�� �V�W�U�H�V�V�� �V�W�D�W�H�� �L�V�� �F�R�Q�V�L�G�H�U�H�G���V�W�D�W�L�F�D�O�O�\�� �D�G�P�L�V�V�L�E�O�H�� �L�I�� �L�W��
�I�X�O�I�L�O�V���W�K�H���H�T�X�L�O�L�E�U�L�X�P���F�R�Q�G�L�W�L�R�Q�V���D�Q�G���W�K�H���V�W�D�W�L�F���E�R�X�Q�G�D�U�\��
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Figure 3: In the admissible state of equilibrium, normal stress 
parallel to the discontinuity line may show discontinuity  
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Figure 4: Axonometric (left) and contour lines (right) 
representation of the yield conditions of concrete and steel 
reinforcement. The yield conditions of concrete are represented 
by two elliptical cones, while the one of steel reinforcement by 
a plane  
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Figure 5: Contour lines representation of the yield conditions 
of reinforced concrete. The yield conditions are constituted by 
the combination of the ones of the single materials. The seven 
regimes are clearly identifiable 
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Figure 6: Application of the lower bound theorem in the design 
of a reinforced concrete beam. The state of internal stress is 
represented by using stress fields. External forces are 
illustrated in green, tension in red and compression in blue  

���� �2�%�-�(�&�7�,�9�(��

�7�K�H�� �D�Q�D�O�\�V�L�V�� �R�I�� �W�K�H�� �X�O�W�L�P�D�W�H�� �O�L�P�L�W�� �V�W�D�W�H�� �L�V�� �D�� �F�R�P�P�R�Q��
�S�U�D�F�W�L�F�H�� �I�R�U�� �V�W�H�H�O���� �U�H�L�Q�I�R�U�F�H�G�� �F�R�Q�F�U�H�W�H�� �D�Q�G�� �P�D�V�R�Q�U�\��
�V�W�U�X�F�W�X�U�H�V�����7�K�L�V���G�H�Y�H�O�R�S�P�H�Q�W���K�D�V���E�H�H�Q���P�D�G�H���S�R�V�V�L�E�O�H���E�\��
�D�S�S�O�\�L�Q�J�� �W�K�H�� �J�H�Q�H�U�D�O�� �S�O�D�V�W�L�F�� �W�K�H�R�U�\�� �W�R�� �W�K�H�� �V�S�H�F�L�I�L�F��
�P�D�W�H�U�L�D�O�� �V�\�V�W�H�P�V���� �W�K�U�R�X�J�K�� �W�K�H�R�U�H�W�L�F�D�O�� �P�R�G�H�O�V�� �D�Q�G��
�P�H�F�K�D�Q�L�F�D�O�� �W�H�V�W�V���� �8�S�� �W�R�� �Q�R�Z���� �S�O�D�V�W�L�F�� �W�K�H�R�U�\�� �K�D�V�� �Q�H�Y�H�U��
�E�H�H�Q�� �H�[�W�H�Q�G�H�G�� �W�R�� �W�L�P�E�H�U�� �V�W�U�X�F�W�X�U�H�V���� �$�V�� �G�L�V�F�X�V�V�H�G�� �L�Q��
�6�H�F�W�L�R�Q�� ������ �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V�� �V�X�F�K�� �D�V�� �W�K�H�� �L�Q�K�H�U�H�Q�W�� �I�U�D�J�L�O�H��
�E�H�K�D�Y�L�R�X�U���R�U���D�Q�L�V�R�W�U�R�S�\�� �R�I�� �D���P�D�W�H�U�L�D�O���G�R���Q�R�W���U�H�S�U�H�V�H�Q�W���D��
�O�L�P�L�W�� �I�R�U�� �W�K�H�� �D�S�S�O�L�F�D�W�L�R�Q�� �R�I�� �W�K�H�� �S�O�D�V�W�L�F�� �W�K�H�R�U�\���� �2�Q�� �W�K�H��
�F�R�Q�W�U�D�U�\���� �W�K�H�� �S�O�D�V�W�L�F�� �W�K�H�R�U�\�� �D�O�O�R�Z�V�� �W�D�N�L�Q�J�� �L�Q�W�R�� �D�F�F�R�X�Q�W��



�W�K�H�V�H�� �P�D�W�H�U�L�D�O�� �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V�� �L�Q�� �D�� �V�L�P�S�O�H���� �H�I�I�H�F�W�L�Y�H���� �D�Q�G��
�H�O�H�J�D�Q�W���Z�D�\����
�7�K�H�� �S�D�S�H�U�� �G�L�V�F�X�V�V�H�V�� �W�K�H�� �G�H�Y�H�O�R�S�P�H�Q�W�� �R�I�� �W�K�H�� �V�W�D�W�L�F��
�F�D�O�F�X�O�D�W�L�R�Q���S�U�R�F�H�G�X�U�H���R�I���W�K�H���X�O�W�L�P�D�W�H���O�L�P�L�W���V�W�D�W�H���R�I���W�L�P�E�H�U��
�H�O�H�P�H�Q�W�V�� �X�Q�G�H�U�� �F�R�P�E�L�Q�H�G�� �O�R�D�G�V���� �7�K�H�� �D�Q�D�O�\�V�L�V�� �L�V��
�S�H�U�I�R�U�P�H�G���Z�L�W�K���W�K�H���V�X�S�S�R�U�W���R�I�� �W�K�H���O�R�Z�H�U���E�R�X�Q�G���W�K�H�R�U�H�P��
�R�I�� �W�K�H�� �W�K�H�R�U�\�� �R�I�� �S�O�D�V�W�L�F�L�W�\���� �,�Q�� �W�K�L�V�� �U�H�J�D�U�G���� �L�W�� �L�V�� �Q�H�F�H�V�V�D�U�\��
�W�R�� �D�V�V�H�V�V�� �W�K�H�� �\�L�H�O�G�� �F�R�Q�G�L�W�L�R�Q�V�� �D�Q�G�� �S�O�D�V�W�L�F�� �P�D�W�H�U�L�D�O��
�E�H�K�D�Y�L�R�X�U���� �7�K�H�� �G�H�I�L�Q�L�W�L�R�Q�� �R�I�� �W�K�H�� �\�L�H�O�G�� �F�R�Q�G�L�W�L�R�Q�V�� �D�O�O�R�Z�V��
�L�G�H�Q�W�L�I�\�L�Q�J�� �W�K�H�� �V�W�U�X�F�W�X�U�D�O�� �F�D�S�D�F�L�W�\�� �R�I�� �W�L�P�E�H�U�� �D�Q�G�� �L�W�V��
�I�D�L�O�X�U�H�� �P�R�G�H�V���� �W�K�X�V�� �G�H�W�H�U�P�L�Q�L�Q�J�� �W�K�H�� �J�R�Y�H�U�Q�L�Q�J�� �I�D�L�O�X�U�H��
�P�H�F�K�D�Q�L�V�P�� �I�R�U�� �D�Q�\�� �V�W�U�H�V�V�� �V�W�D�W�H���� �7�K�H�� �S�O�D�V�W�L�F�� �P�D�W�H�U�L�D�O��
�E�H�K�D�Y�L�R�X�U�� �R�F�F�X�U�V�� �L�I�� �W�K�H�� �V�W�U�X�F�W�X�U�D�O�� �V�\�V�W�H�P�� �J�X�D�U�D�Q�W�H�H�V�� �W�K�H��
�Q�H�F�H�V�V�D�U�\�� �G�H�I�R�U�P�D�W�L�R�Q�� �F�D�S�D�F�L�W�\�� �D�Q�G�� �D�� �U�H�G�L�V�W�U�L�E�X�W�L�R�Q�� �R�I��
�L�Q�W�H�U�Q�D�O���I�R�U�F�H�V���D�F�F�R�U�G�L�Q�J���W�R���W�K�H���S�O�D�V�W�L�F���P�R�G�H�O���L�V���S�R�V�V�L�E�O�H����
�7�K�H�U�H�I�R�U�H���� �X�Q�G�H�U�V�W�D�Q�G�L�Q�J�� �X�Q�G�H�U�� �Z�K�D�W�� �F�R�Q�G�L�W�L�R�Q�V�� �W�K�H��
�S�O�D�V�W�L�F�� �P�D�W�H�U�L�D�O���E�H�K�D�Y�L�R�X�U���L�V���D�F�K�L�H�Y�H�G���L�V�� �R�I�� �I�X�Q�G�D�P�H�Q�W�D�O��
�L�P�S�R�U�W�D�Q�F�H������
�7�K�H���H�[�W�H�Q�V�L�R�Q���R�I���W�K�H���S�O�D�V�W�L�F���W�K�H�R�U�\���W�R���W�L�P�E�H�U���L�V���D�S�S�O�L�H�G���L�Q��
�W�K�H�� �D�Q�D�O�\�V�L�V�� �D�Q�G�� �G�H�V�L�J�Q�� �R�I�� �L�Q�W�H�U�O�R�F�N�L�Q�J�� �W�L�P�E�H�U���W�R���W�L�P�E�H�U��
�F�R�Q�Q�H�F�W�L�R�Q�V���� �Z�K�H�U�H�� �W�K�H�� �X�V�H�� �R�I�� �P�H�W�D�O�� �I�D�V�W�H�Q�H�U�V�� �L�V��
�L�Q�W�H�Q�W�L�R�Q�D�O�O�\�� �O�L�P�L�W�H�G�� �R�U�� �S�U�H�Y�H�Q�W�H�G���� �7�K�H�� �L�O�O�X�V�W�U�D�W�L�Y�H��
�U�H�S�U�H�V�H�Q�W�D�W�L�R�Q�� �R�I�� �W�K�H�� �V�W�D�W�H�� �R�I�� �L�Q�W�H�U�Q�D�O�� �I�R�U�F�H�V�� �L�Q�� �W�K�H�� �I�R�U�P��
�R�I�� �V�W�U�X�W���D�Q�G���W�L�H�V���� �R�U�� �V�W�U�H�V�V�� �I�L�H�O�G�V���� �P�D�N�H�V�� �W�K�H�� �L�Q�W�H�U�D�F�W�L�R�Q�V��
�E�H�W�Z�H�H�Q�� �I�R�U�F�H�� �D�Q�G�� �J�H�R�P�H�W�U�\�� �H�[�S�O�L�F�L�W���� �,�W�� �U�H�S�U�H�V�H�Q�W�V����
�W�K�H�U�H�I�R�U�H���� �W�K�H�� �E�D�V�L�V�� �I�R�U�� �W�K�H�� �G�H�Y�H�O�R�S�P�H�Q�W�� �R�I�� �H�I�I�L�F�L�H�Q�W��
�F�R�Q�Q�H�F�W�L�R�Q�V����
��
���� �0�(�7�+�2�'�2�/�2�*�<��

�%�D�V�H�G�� �R�Q�� �W�K�H�� �O�R�Z�H�U�� �E�R�X�Q�G�� �W�K�H�R�U�H�P�� �R�I�� �S�O�D�V�W�L�F�L�W�\�� �W�K�H�R�U�\����
�W�K�H�� �L�Q�Y�H�V�W�L�J�D�W�L�R�Q�� �L�V�� �V�X�S�S�R�U�W�H�G�� �E�\�� �P�H�F�K�D�Q�L�F�D�O�� �W�H�V�W�V���� �7�K�H��
�I�L�Q�D�O�� �R�E�M�H�F�W�L�Y�H�� �L�V�� �W�R�� �E�H�� �D�E�O�H�� �W�R�� �D�Q�D�O�\�V�H�� �W�K�H�� �W�L�P�E�H�U��
�H�O�H�P�H�Q�W�V���� �D�V�V�H�V�V�L�Q�J�� �Z�L�W�K�� �U�H�D�V�R�Q�D�E�O�H�� �D�F�F�X�U�D�F�\�� �W�K�H��
�F�R�O�O�D�S�V�H�� �O�R�D�G���� �D�Q�G�� �L�Q�I�R�U�P�L�Q�J�� �W�K�H�� �G�H�V�L�J�Q���� �R�S�W�L�P�L�]�L�Q�J�� �L�W�V��
�J�H�R�P�H�W�U�\���� �7�K�H�� �I�L�U�V�W�� �S�D�U�W�� �R�I�� �W�K�L�V�� �V�H�F�W�L�R�Q�� �G�L�V�F�X�V�V�H�V�� �W�K�H��
�P�D�L�Q���D�V�S�H�F�W�V���U�H�O�D�W�H�G���W�R���W�K�H���G�H�Y�H�O�R�S�P�H�Q�W���R�I���O�L�P�L�W���D�Q�D�O�\�V�L�V��
�L�Q�� �W�L�P�E�H�U�� ���L���H���� �\�L�H�O�G�� �F�R�Q�G�L�W�L�R�Q�V���� �S�O�D�V�W�L�F�� �E�H�K�D�Y�L�R�X�U���� �D�Q�G��
�H�T�X�L�O�L�E�U�L�X�P�� �V�W�D�W�H�V������ �D�V�� �Z�H�O�O�� �D�V�� �W�K�H�� �F�H�Q�W�U�D�O�� �K�\�S�R�W�K�H�V�L�V���� �,�Q��
� W� K� H� � � V� H� F� R� Q� G� � � S� D� U� W� �� � � W� K� H� � � D� S� S� U� R� D� F� K� � � W� R� � � W� K� H� � � G� H� V� L� J� Q� � � R� I� �
�L�Q�W�H�U�O�R�F�N�L�Q�J���W�L�P�E�H�U���W�R���W�L�P�E�H�U���F�R�Q�Q�H�F�W�L�R�Q�V���L�V���G�H�V�F�U�L�E�H�G������
��
�������� �$�6�6�8�0�3�7�,�2�1�6���2�1���7�+�(���3�/�$�6�7�,�&��

�%�(�+�$�9�,�2�8�5���2�)���7�,�0�%�(�5���6�7�5�8�&�7�8�5�(�6��

������������ �<�L�H�O�G���F�R�Q�G�L�W�L�R�Q�V��
�$�W�� �W�K�H�� �P�L�F�U�R�V�W�U�X�F�W�X�U�H�� �O�H�Y�H�O���� �Z�R�R�G�� �F�R�Q�V�L�V�W�V�� �R�I�� �H�O�R�Q�J�D�W�H�G��
�D�Q�G���W�X�E�X�O�D�U���F�H�O�O�V���Z�L�W�K���W�K�L�Q���Z�D�O�O�V�����R�U�L�H�Q�W�H�G���L�Q���W�K�H���G�L�U�H�F�W�L�R�Q��
�R�I�� �J�U�R�Z�W�K�� ���D�O�V�R�� �U�H�I�H�U�U�H�G�� �W�R�� �D�V�� �J�U�D�L�Q�
�V�� �R�U�L�H�Q�W�D�W�L�R�Q������ �)�R�U��
�W�K�L�V�� �U�H�D�V�R�Q���� �W�L�P�E�H�U�� �L�V�� �V�W�U�R�Q�J�O�\�� �D�Q�L�V�R�W�U�R�S�L�F���� �D�Q�G�� �W�K�H��
�P�H�F�K�D�Q�L�F�D�O�� �S�U�R�S�H�U�W�L�H�V�� �G�H�S�H�Q�G�� �R�Q�� �W�K�H�� �R�U�L�H�Q�W�D�W�L�R�Q�� �R�I�� �W�K�H��
�O�R�D�G���F�R�P�S�D�U�H�G���W�R���W�K�H���R�U�L�H�Q�W�D�W�L�R�Q���R�I���W�K�H���J�U�D�L�Q������
�,�Q�L�W�L�D�O�O�\���� �G�L�I�I�H�U�H�Q�W�� �I�D�L�O�X�U�H�� �P�R�G�H�V�� �D�U�H�� �L�G�H�Q�W�L�I�L�H�G�� �D�Q�G��
�D�Q�D�O�\�V�H�G�����7�K�H���K�\�S�R�W�K�H�V�L�V���L�V���P�D�G�H���W�K�D�W���W�Z�R���P�D�L�Q���I�D�L�O�X�U�H�V��
�P�D�\�� �R�F�F�X�U���� �W�K�H�� �I�D�L�O�X�U�H�� �R�I�� �W�K�H�� �F�H�O�O���� �D�Q�G�� �W�K�H�� �I�D�L�O�X�U�H�� �R�I�� �W�K�H��
�E�R�Q�G���E�H�W�Z�H�H�Q���F�H�O�O�V���� �7�K�H���F�H�O�O���F�D�U�U�L�H�V���E�R�W�K���I�R�U�F�H�V���S�D�U�D�O�O�H�O��
�D�Q�G�� �S�H�U�S�H�Q�G�L�F�X�O�D�U�� �W�R�� �W�K�H�� �J�U�D�L�Q���� �D�V�� �Z�H�O�O�� �D�V�� �V�K�H�D�U����
�7�K�H�U�H�I�R�U�H���� �S�R�W�H�Q�W�L�D�O�� �I�D�L�O�X�U�H�V�� �G�X�H�� �W�R�� �W�H�Q�V�L�R�Q�� �D�Q�G��
�F�R�P�S�U�H�V�V�L�R�Q�� �L�Q�� �W�K�H�� �G�L�U�H�F�W�L�R�Q�� �R�I�� �W�K�H�� �J�U�D�L�Q���� �W�H�Q�V�L�R�Q�� �D�Q�G��
�F�R�P�S�U�H�V�V�L�R�Q�� �S�H�U�S�H�Q�G�L�F�X�O�D�U�� �W�R�� �W�K�H�� �J�U�D�L�Q���� �D�Q�G�� �V�K�H�D�U�� �D�U�H��
�D�V�V�X�P�H�G���� �&�R�Q�F�H�U�Q�L�Q�J�� �W�K�H�� �E�R�Q�G�� �E�H�W�Z�H�H�Q�� �F�H�O�O�V���� �V�O�L�G�L�Q�J��
�I�D�L�O�X�U�H���� �D�Q�G���W�H�Q�V�L�O�H���G�H���E�R�Q�G�L�Q�J���I�D�L�O�X�U�H���L�V���D�V�V�X�P�H�G���� �Z�K�L�O�H��
�D�� �F�R�P�S�U�H�V�V�L�R�Q�� �I�D�L�O�X�U�H�� �L�V�� �F�R�Q�V�L�G�H�U�H�G�� �Q�R�W�� �U�H�O�H�Y�D�Q�W���� �7�K�H��

�K�\�S�R�W�K�H�V�L�V�� �L�V�� �P�D�G�H�� �R�I�� �D�Q�L�V�R�W�U�R�S�L�F�� �\�L�H�O�G�� �F�R�Q�G�L�W�L�R�Q�V����
�Z�K�L�F�K�� �F�D�Q���E�H���R�E�W�D�L�Q�H�G���W�K�D�Q�N�V���W�R���D�� �F�R�Q�V�L�V�W�H�Q�W���W�K�H�R�U�H�W�L�F�D�O��
�P�R�G�H�O�� �D�Q�G�� �D�� �I�H�Z�� �L�Q�I�R�U�P�D�W�L�R�Q�� �R�Q�� �W�K�H�� �P�D�W�H�U�L�D�O���� �D�V��
�G�L�V�F�X�V�V�H�G�� �L�Q�� �6�H�F�W�L�R�Q�� ���� �I�R�U�� �W�K�H�� �F�D�V�H�� �R�I�� �U�H�L�Q�I�R�U�F�H�G��
�F�R�Q�F�U�H�W�H���� �,�Q�� �S�D�U�W�L�F�X�O�D�U���� �W�K�H�� �V�W�U�H�Q�J�W�K�� �R�I�� �W�K�H�� �V�\�V�W�H�P�� �L�V��
�V�H�Q�V�L�W�L�Y�H�� �W�R�� �W�K�H�� �L�Q�F�L�G�H�Q�F�H�� �D�Q�J�O�H�� �E�H�W�Z�H�H�Q�� �W�K�H�� �I�R�U�F�H�� �D�Q�G��
�W�K�H���J�U�D�L�Q�¶�V���R�U�L�H�Q�W�D�W�L�R�Q�V�����7�K�H���H�I�I�H�F�W���L�V���G�X�H���W�R���W�K�H���G�L�I�I�H�U�H�Q�W��
�J�R�Y�H�U�Q�L�Q�J���U�H�J�L�P�H���U�H�V�X�O�W�L�Q�J���I�U�R�P���D���Y�D�U�L�D�W�L�R�Q���R�I���W�K�H���D�Q�J�O�H������
�7�K�H�� �G�H�Y�H�O�R�S�P�H�Q�W�� �R�I�� �W�K�H�� �W�K�H�R�U�H�W�L�F�D�O�� �P�R�G�H�O�� �L�V�� �V�X�S�S�R�U�W�H�G��
�D�Q�G���Y�D�O�L�G�D�W�H�G���E�\���P�H�F�K�D�Q�L�F�D�O���W�H�V�W�V���R�Q���W�L�P�E�H�U���H�O�H�P�H�Q�W�V�����,�Q��
�I�D�F�W�����L�Q���R�U�G�H�U���W�R���F�K�D�U�D�F�W�H�U�L�]�H���W�K�H���Y�D�U�L�R�X�V���I�D�L�O�X�U�H���P�R�G�H�V�����L�W��
�L�V�� �Q�H�F�H�V�V�D�U�\�� �W�R�� �H�V�W�D�E�O�L�V�K�� �V�R�P�H�� �P�D�W�H�U�L�D�O���U�H�O�D�W�H�G��
�S�D�U�D�P�H�W�H�U�V���� �Z�K�L�F�K�� �F�D�Q�� �L�Q�L�W�L�D�O�O�\�� �E�H�� �G�H�W�H�U�P�L�Q�H�G�� �E�\��
�X�Q�L�D�[�L�D�O�� �W�H�V�W�V���� �7�K�H�� �F�R�P�E�L�Q�D�W�L�R�Q�� �R�I�� �V�L�Q�J�O�H�� �I�D�L�O�X�U�H�� �P�R�G�H�V��
�G�H�W�H�U�P�L�Q�H�V�� �W�K�H�� �\�L�H�O�G�� �F�R�Q�G�L�W�L�R�Q�V���� �8�Q�G�H�U�V�W�D�Q�G�L�Q�J�� �W�K�H��
�E�H�K�D�Y�L�R�X�U�� �R�I�� �W�K�H�� �V�L�Q�J�O�H�� �I�D�L�O�X�U�H�V���� �D�V�� �Z�H�O�O�� �D�V�� �L�G�H�Q�W�L�I�\�L�Q�J��
�X�Q�G�H�U�� �Z�K�L�F�K�� �F�R�Q�G�L�W�L�R�Q�V�� �D�� �U�H�J�L�P�H�� �L�V�� �J�R�Y�H�U�Q�L�Q�J�� �L�V�� �R�I��
�I�X�Q�G�D�P�H�Q�W�D�O���L�P�S�R�U�W�D�Q�F�H������
��
������������ �3�O�D�V�W�L�F���E�H�K�D�Y�L�R�X�U����
�7�K�H���G�H�I�L�Q�H�G���\�L�H�O�G���F�R�Q�G�L�W�L�R�Q�V���D�U�H���W�K�H�Q���L�P�S�O�H�P�H�Q�W�H�G���L�Q���W�K�H��
�D�Q�D�O�\�V�L�V�� �D�Q�G�� �G�H�V�L�J�Q�� �R�I�� �L�Q�W�H�U�O�R�F�N�L�Q�J�� �W�L�P�E�H�U���W�R���W�L�P�E�H�U��
�F�R�Q�Q�H�F�W�L�R�Q�V�����$�F�F�R�U�G�L�Q�J���W�R���W�K�H���O�R�Z�H�U���E�R�X�Q�G���W�K�H�R�U�H�P�����W�K�H��
�V�\�V�W�H�P���P�X�V�W���S�U�R�Y�L�G�H���D���S�O�D�V�W�L�F���E�H�K�D�Y�L�R�X�U�����K�H�Q�F�H���H�Q�V�X�U�L�Q�J��
�W�K�H���Q�H�F�H�V�V�D�U�\���G�H�I�R�U�P�D�W�L�R�Q���F�D�S�D�F�L�W�\����
�7�K�H�� �K�\�S�R�W�K�H�V�L�V�� �L�V�� �P�D�G�H�� �W�K�D�W�� �W�K�H�� �S�O�D�V�W�L�F�� �E�H�K�D�Y�L�R�X�U�� �L�Q��
�W�L�P�E�H�U�� �L�V�� �D�F�K�L�H�Y�D�E�O�H�� �G�X�H�� �W�R�� �W�K�H�� �F�U�D�F�N�L�Q�J�� �X�Q�G�H�U�� �W�H�Q�V�L�R�Q����
�W�K�H�� �G�X�F�W�L�O�H�� �E�H�K�D�Y�L�R�X�U�� �X�Q�G�H�U�� �F�R�P�S�U�H�V�V�L�R�Q�� �D�Q�G�� �W�K�H�� �O�R�Z��
�V�W�L�I�I�Q�H�V�V�� �R�I�� �W�K�H�� �P�D�W�H�U�L�D�O���� �7�L�P�E�H�U�� �V�K�R�Z�V�� �D�� �O�R�Z�� �W�H�Q�V�L�O�H��
�V�W�U�H�Q�J�W�K���S�H�U�S�H�Q�G�L�F�X�O�D�U���W�R���J�U�D�L�Q�¶�V���R�U�L�H�Q�W�D�W�L�R�Q�����Z�K�L�F�K���O�H�D�G�V��
�W�R���W�K�H���I�R�U�P�D�W�L�R�Q���R�I�� �F�U�D�F�N�V���D�O�O�R�Z�L�Q�J�� �W�K�H���U�H�G�L�V�W�U�L�E�X�W�L�R�Q���R�I��
�I�R�U�F�H�V���D�Q�G���W�K�H���O�R�Z�H�U�L�Q�J���R�I���V�W�U�H�V�V���S�H�D�N�V�����2�Q���W�K�H���F�R�Q�W�U�D�U�\����
�L�W���H�[�K�L�E�L�W�V���D���J�U�H�D�W���G�X�F�W�L�O�L�W�\���X�Q�G�H�U���F�R�P�S�U�H�V�V�L�R�Q���E�R�W�K���L�Q���W�K�H��
�R�U�L�H�Q�W�D�W�L�R�Q�� �R�I�� �W�K�H�� �J�U�D�L�Q�V�� �D�Q�G�� �H�V�S�H�F�L�D�O�O�\�� �S�H�U�S�H�Q�G�L�F�X�O�D�U�� �W�R��
�L�W���� �,�Q�� �D�G�G�L�W�L�R�Q���� �W�L�P�E�H�U�� �V�K�R�Z�V�� �D�� �O�R�Z�� �V�W�L�I�I�Q�H�V�V��
�S�H�U�S�H�Q�G�L�F�X�O�D�U�� �W�R�� �J�U�D�L�Q�¶�V�� �R�U�L�H�Q�W�D�W�L�R�Q���� �Z�K�L�F�K�� �D�O�O�R�Z�V�� �W�K�H��
�P�D�W�H�U�L�D�O�� �W�R�� �G�H�I�R�U�P�� �U�H�G�L�V�W�U�L�E�X�W�L�Q�J�� �W�K�H�� �L�Q�W�H�U�Q�D�O�� �I�R�U�F�H�V����
�0�H�F�K�D�Q�L�F�D�O�� �W�H�V�W�V�� �R�Q�� �W�K�H�� �W�L�P�E�H�U���W�R���W�L�P�E�H�U�� �F�R�Q�Q�H�F�W�L�R�Q�V��
�D�O�O�R�Z�� �X�Q�G�H�U�V�W�D�Q�G�L�Q�J�� �X�Q�G�H�U�� �Z�K�L�F�K�� �F�R�Q�G�L�W�L�R�Q�V�� �W�K�H��
�G�H�I�R�U�P�D�W�L�R�Q���F�D�S�D�F�L�W�\���F�D�Q���E�H���J�X�D�U�D�Q�W�H�H�G���D�Q�G���X�Q�G�H�U���Z�K�L�F�K��
�F�R�Q�G�L�W�L�R�Q�V�� �L�W�� �F�D�Q�Q�R�W���� �G�H�W�H�F�W�L�Q�J�� �L�Q�� �Z�K�L�F�K�� �F�D�V�H�V�� �H�[�W�H�U�Q�D�O��
�U�H�L�Q�I�R�U�F�H�P�H�Q�W�� �L�V�� �L�Q�H�Y�L�W�D�E�O�H���� �7�K�L�V���� �L�Q�� �W�X�U�Q���� �D�O�O�R�Z�V��
�L�G�H�Q�W�L�I�\�L�Q�J���W�K�H���L�Q�W�H�U�Q�D�O���H�T�X�L�O�L�E�U�L�X�P���V�W�D�W�H�V���W�K�D�W���V�K�R�X�O�G���E�H��
�D�Y�R�L�G�H�G���� �S�U�R�Y�L�G�L�Q�J�� �J�H�R�P�H�W�U�L�F�� �U�X�O�H�V�� �W�R�� �E�H�� �D�G�R�S�W�H�G�� �L�Q�� �W�K�H��
�F�R�Q�V�W�U�X�F�W�L�R�Q���R�I���O�R�D�G���S�D�W�K�����H���J�����D�Q�J�O�H�V���E�H�W�Z�H�H�Q���V�W�U�X�W�V���D�Q�G��
�W�L�H�V������ �7�K�D�Q�N�V�� �W�R�� �P�H�F�K�D�Q�L�F�D�O�� �W�H�V�W�V���� �L�W�� �L�V�� �D�O�V�R�� �S�R�V�V�L�E�O�H�� �W�R��
�G�H�W�H�U�P�L�Q�H�� �Z�K�H�Q�� �G�H�I�R�U�P�D�W�L�R�Q�V�� �K�D�Y�H�� �D�� �Q�H�J�D�W�L�Y�H�� �L�Q�I�O�X�H�Q�F�H��
�R�Q�� �V�W�U�H�Q�J�W�K���� �W�K�X�V�� �D�O�O�R�Z�L�Q�J���L�W�� �W�R�� �E�H�� �U�H�G�X�F�H�G�� �D�F�F�R�U�G�L�Q�J�O�\����
�D�V���G�L�V�F�X�V�V�H�G���L�Q���6�H�F�W�L�R�Q��������
��
������������ �(�T�X�L�O�L�E�U�L�X�P���V�W�D�W�H�V��
�$�F�F�R�U�G�L�Q�J�� �W�R�� �W�K�H�� �O�R�Z�H�U�� �E�R�X�Q�G�� �W�K�H�R�U�H�P���� �D�Q�� �L�Q�I�L�Q�L�W�H��
�Q�X�P�E�H�U�� �R�I�� �D�G�P�L�V�V�L�E�O�H�� �L�Q�W�H�U�Q�D�O�� �V�W�D�W�H�V�� �R�I�� �H�T�X�L�O�L�E�U�L�X�P�� �D�U�H��
�S�R�V�V�L�E�O�H�����7�K�H���L�P�S�O�H�P�H�Q�W�D�W�L�R�Q���R�I���W�K�H���O�L�P�L�W�D�W�L�R�Q�V���S�U�R�Y�L�G�H�G��
�E�\���W�K�H���\�L�H�O�G���F�R�Q�G�L�W�L�R�Q�V���D�Q�G���W�K�H���D�V�V�X�P�S�W�L�R�Q���R�I���W�K�H���S�O�D�V�W�L�F��
�E�H�K�D�Y�L�R�X�U���S�U�R�Y�L�G�H�V���U�X�O�H�V���I�R�U���W�K�H���G�H�Y�H�O�R�S�P�H�Q�W���R�I���L�Q�W�H�U�Q�D�O��
�V�W�D�W�H�V�� �R�I�� �H�T�X�L�O�L�E�U�L�X�P���� �7�K�H�� �I�O�R�Z�� �R�I�� �I�R�U�F�H�V�� �F�D�Q�� �E�H�� �W�K�H�Q��
�D�G�D�S�W�H�G�� �D�F�F�R�U�G�L�Q�J�� �W�R�� �W�K�H�� �S�H�F�X�O�L�D�U�L�W�L�H�V�� �R�I�� �W�K�H�� �P�D�W�H�U�L�D�O����
�7�K�H�� �L�Q�W�H�U�Q�D�O�� �V�W�D�W�H�� �R�I�� �H�T�X�L�O�L�E�U�L�X�P�� �L�V���� �W�K�H�U�H�I�R�U�H���� �G�L�I�I�H�U�H�Q�W��
�D�Q�G���V�S�H�F�L�I�L�F���I�R�U���H�D�F�K���V�W�U�X�F�W�X�U�D�O���P�D�W�H�U�L�D�O�����V�H�H���6�H�F�W�L�R�Q������������
��
��



��

Figure 7: Analysis of a traditional Japanese Gooseneck connection. The contact surfaces are oriented in multiple directions to 
withstand different kinds of solicitations. The contact surfaces activated from time to time to resist a translational or rotational 
movements are shown in red. The connection can withstand all kinds of solicitations, excluding the translational movement in the 
assembly direction 
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Figure 8: Development of a connection by introducing new 
contact surfaces to meet new structural requirements. Initially, 
the connection withstands only compressive forces (a). With 
the following steps, it is ensured that the elements do not move 
laterally (b), as well as that they cannot be pulled out (c). 
Further geometric modifications (d) prevent vertical 
movements, while (e) stabilize the connection against twisting 
and lateral shifting. Finally, the vertical load-bearing capacity 
is increased (f) and the assembly direction is locked, with the 
insertion of a pin (g) 
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Figure 9: Analysis of the internal equilibrium state, 
represented by stress fields, in six slightly different tensile 
timber-to-timber connections. The representation of the load 
path into the timber member provides the basis for the 
geometrical optimization of the connection, aimed at improving 
its efficiency by reducing internal stresses. External forces are 
represented in green, while the internal tension in red and the 
internal compression in blue��
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