
Wooden boat-building 

Num Rev Title Date Pages 

05 0 Epoxy impregnation 25 sept. 03 2 

06 0 Gluing and epoxy Illets 14 octobre 03 2 

07 0 Fiberglass on wood 15 novembre 03 4 
08 0 Impregnation and bonding: solutions for cold weather 12 novembre 0 3 3 
12 1 Boat rivets 15 novembre 03 2 

15 1 Scarfing plywood panesl 9 novembre 03 2 

16 0 Glued, laminated parts 30 decembre 03 4 
22 0 Assembly of the structure on the strongback 8 avril 04 8 

31 1 Strip built .hulls 19juin 04 5 

4' 0 Spiling planks 30 dec 03 3 

4 2 0 Joining the garboard to the sole 6 octobre 03 1 

43 0 Provisional mounting of plank s/la pst rakes 6 novembre 03 1 

44 1 Lapstrake Itting 3 avril 04 3 
51 0 Stitch and glued plywood 8 avril 05 4 
62 0 Steam bent frames 28 janvier 03 4 

63 2 Frames laminated in place 28 octobre 05 4 
71 0 Benches and floors 7 octobre 03 1 

72 1 Construction of liftin 9 rudder blades 2 novembre 09 2 

73 0 Sliding companion way hatches 6 janvier 2010 3 
81 0 Round masts and spars 17 octohre 03 3 
82 0 Misanier I high aspect lug rig 10 octobre 03 3 
91 0 Paint and varnish 18 novembre 03 3 

The present sheets have been translated into English from the original French version by George Alheid, an
american builder of a Seil 18. He doesn't speak French and used Google translation, and corrected the
sheets to make them readable. Up to now, I did not have the time to make my own correction, but the do-
cument, as it is, will certainly be very valuable for other English speaking builders.
I deeply thank George for this volunteer work that he agrees to make available to all.



































































�7�K�L�V���G�R�F�X�P�H�Q�W���L�V���W�K�H���S�U�R�S�H�U�W�\���R�I���)�U�D�Q�F�R�L�V���9�L�Y�L�H�U�����1�D�Y�D�O���$�U�F�K�L�W�H�F�W�����,�W���L�V���S�D�U�W���R�I���D���¿�O�H���L�Q�W�H�Q�G�H�G���I�R�U���W�K�H���D�P�D�W�H�X�U���F�R�Q�V�W�U�X�F�W�L�R�Q��
�R�I���D���E�R�D�W���D�Q�G���O�L�N�H���W�K�H���¿�O�H�����P�D�\���Q�R�W���E�H���U�H�S�U�R�G�X�F�H�G�����W�U�D�Q�V�P�L�W�W�H�U�G���W�R���D���W�K�L�U�G���S�D�U�W�\�����R�U���S�X�E�O�L�V�K�H�G���L�Q���Z�K�R�O�H���R�U���L�Q���S�D�U�W���Z�L�W�K�R�X�W���W�K�H��
�Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���W�K�H���D�U�F�K�L�W�H�F�W��

Function

�6�S�L�O�L�Q�J���L�V���W�K�H���R�S�H�U�D�W�L�R�Q���R�I���G�U�D�Z�L�Q�J���D���S�O�D�Q�N�����L�Q���R�W�K�H�U���Z�R�U�G�V�����W�R���G�H�¿�Q�H���W�K�H���H�[�D�F�W���S�U�R�¿�O�H���W�K�D�W���Z�L�O�O���F�R�P�H���W�R���U�H�V�W���R�Q���W�K�H���K�X�O�O���R�I���W�K�H��
�E�R�D�W�����:�H���G�H�V�F�U�L�E�H���K�H�U�H���P�R�U�H���S�D�U�W�L�F�X�O�D�U�O�\���W�K�H���F�D�V�H���R�I���V�S�L�O�L�Q�J���D���S�O�D�Q�N���I�R�U���O�D�S���V�W�U�D�N�H���F�R�Q�V�W�U�X�F�W�L�R�Q���E�H�F�D�X�V�H���L�W���L�V���W�K�H���F�D�V�H���Z�K�H�U�H��
�W�K�L�V���P�H�W�K�R�G���Z�L�O�O���E�H���L�P�S�O�H�P�H�Q�W�H�G���W�K�H���P�R�V�W���D�V���S�D�U�W���R�I���D���³�P�R�G�H�U�Q�´���Z�R�R�G�H�Q���E�R�D�W���F�R�Q�V�W�U�X�F�W�L�R�Q�����7�K�H���P�H�W�K�R�G���G�H�V�F�U�L�E�H�G���L�V���V�L�P�L�O�D�U��
�L�Q���S�U�L�Q�F�L�S�O�H���W�R���W�K�D�W���X�V�H�G���L�Q���D���W�U�D�G�L�W�L�R�Q�D�O���I�U�H�H�E�R�D�U�G���F�R�Q�V�W�U�X�F�W�L�R�Q����

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

�2�Q���D���O�D�S�V�W�U�D�N�H���E�R�D�W���Z�H���F�D�Q���D�O�V�R���P�D�N�H���W�K�H���V�K�H�H�U���V�W�U�D�N�H���V�R�O�L�G���Z�R�R�G�����Z�K�L�O�H���W�K�H���U�H�V�W���R�I���W�K�H���V�W�U�D�N�H�V���D�U�H���S�D�L�Q�W�H�G���S�O�\�Z�R�R�G��

The strakes

�:�K�H�Q���E�X�L�O�G�L�Q�J���D���O�D�S�V�W�U�D�N�H���E�R�D�W�����L�W���P�X�V�W���E�H���E�R�U�Q�H���L�Q���P�L�Q�G���W�K�D�W���L�W���L�V���W�K�H���V�K�D�S�H���R�I���W�K�H���V�W�U�D�N�H�V���W�K�D�W���J�L�Y�H�V���W�K�H���V�K�D�S�H���R�I���W�K�H���E�R�D�W����
�L�Q���W�K�H���V�D�P�H���Z�D�\���W�K�D�W���W�K�H���V�K�D�S�H���R�I���D���V�X�L�W���V�W�H�P�V���I�U�R�P���W�K�H���F�X�W�W�L�Q�J���R�I���S�L�H�F�H�V���R�I���I�D�E�U�L�F���Z�K�L�F�K���F�R�Q�V�W�L�W�X�W�H���L�W�����6�K�D�S�L�Q�J���W�K�H���S�O�D�Q�N�L�Q�J��
�L�V���W�K�H�U�H�I�R�U�H���W�K�H���H�V�V�H�Q�W�L�D�O���R�S�H�U�D�W�L�R�Q�����,�W���P�X�V�W���E�H���D�S�S�U�R�D�F�K�H�G���Z�L�W�K���F�D�U�H���D�Q�G���P�H�W�K�R�G�L�F�D�O�O�\�����E�X�W�����R�Q�F�H���W�K�H���¿�U�V�W���S�O�D�Q�N�V���D�U�H���O�D�L�G����
�\�R�X���Z�L�O�O���¿�Q�G���W�K�D�W���L�W���L�V���Q�R�W���V�R���G�L�ˆ�F�X�O�W�����D�V���L�W���V�H�H�P�V�����<�R�X���E�H���W�K�H���M�X�G�J�H�����,�W���D�O�V�R���D�S�S�H�D�U�V���W�K�D�W���L�Q���W�K�H���S�D�V�W���W�K�H���F�R�Q�V�W�U�X�F�W�L�R�Q���R�I���W�K�H��
�O�D�S�V�W�U�D�N�H���E�R�D�W���Z�D�V���H�Q�W�U�X�V�W�H�G���W�R���D�S�S�U�H�Q�W�L�F�H���F�D�U�S�H�Q�W�H�U�V����

�/�D�\�L�Q�J���R�I���W�K�H���V�W�U�D�N�H�V���E�H�J�L�Q�V���Z�L�W�K���W�K�H���J�D�U�E�R�U�G�����W�K�H���¿�U�V�W���V�W�U�D�N�H���V�W�D�U�W�L�Q�J���D�W���W�K�H���N�H�H�O�����5�H�S�H�D�W�H�G���R�S�H�U�D�W�L�R�Q�V���I�R�U���H�D�F�K���V�L�G�H���D�U�H��
�6�S�L�O���W�K�H���S�O�D�Q�N�����W�K�D�W���L�V���W�R���V�D�\�����R�E�W�D�L�Q���W�K�H���W�U�D�F�H���R�I���L�W�V���H�[�D�F�W���I�R�U�P���¾��
�&�X�W���L�W���R�X�W���D�Q�G���D�G�M�X�V�W���L�W���¾��
�3�O�D�Q�H���V�K�D�S�H���W�K�H���H�Q�G�V�����W�R���U�H�P�R�Y�H���W�K�H���H�[�F�H�V�V���W�K�L�F�N�Q�H�V�V���Z�K�H�U�H���W�K�H���V�W�U�D�N�H���R�Y�H�U�O�D�S���D�W���W�K�H���H�Q�G�����R�Q���W�K�H���E�R�Z���D�Q�G���W�K�H���¾��
�W�U�D�Q�V�R�P��
�3�X�W���L�W���L�Q���S�O�D�F�H�����J�O�X�L�Q�J���D�Q�G�������R�U���U�L�Y�H�W�L�Q�J�����¾��
�3�O�D�Q�H���W�K�H���F�K�D�P�I�H�U���W�R���U�H�F�H�L�Y�H���W�K�H���Q�H�[�W���S�O�D�Q�N���¾��

�7�K�H���¿�U�V�W���W�Z�R���R�S�H�U�D�W�L�R�Q�V���D�U�H���G�H�W�D�L�O�H�G���L�Q���S�U�H�V�H�Q�W���V�H�F�W�L�R�Q�����)�R�U���V�X�E�V�H�T�X�H�Q�W���R�S�H�U�D�W�L�R�Q�V�����V�H�H���V�H�F�W�L�R�Q�V�����������������D�Q�G��������

�+�H�U�H���D�U�H���Z�K�D�W���W�K�H���V�W�U�D�N�H�V���O�R�R�N���O�L�N�H���I�U�R�P���W�K�H���V�D�P�H���E�R�D�W��

Spilling planks



�7�K�L�V���G�R�F�X�P�H�Q�W���L�V���W�K�H���S�U�R�S�H�U�W�\���R�I���)�U�D�Q�F�R�L�V���9�L�Y�L�H�U�����1�D�Y�D�O���$�U�F�K�L�W�H�F�W�����,�W���L�V���S�D�U�W���R�I���D���¿�O�H���L�Q�W�H�Q�G�H�G���I�R�U���W�K�H���D�P�D�W�H�X�U���F�R�Q�V�W�U�X�F�W�L�R�Q��
�R�I���D���E�R�D�W���D�Q�G���O�L�N�H���W�K�H���¿�O�H�����P�D�\���Q�R�W���E�H���U�H�S�U�R�G�X�F�H�G�����W�U�D�Q�V�P�L�W�W�H�U�G���W�R���D���W�K�L�U�G���S�D�U�W�\�����R�U���S�X�E�O�L�V�K�H�G���L�Q���Z�K�R�O�H���R�U���L�Q���S�D�U�W���Z�L�W�K�R�X�W���W�K�H��
�Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���W�K�H���D�U�F�K�L�W�H�F�W��

Marks on jigs, partitions, or frames

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

The spiling of a plank

Follow the following process:

�3�U�H�S�D�U�H���W�K�U�H�H���V�W�U�L�S�V���R�I���O�L�J�K�W�Z�H�L�J�K�W���S�O�\�Z�R�R�G���D�S�S�U�R�[�L�P�D�W�H�O�\�������F�P���Z�L�G�H���W�R���I�R�U�P���D���W�H�P�S�O�D�W�H���I�R�U���S�O�D�Q�N�L�Q�J�¾��
�3�O�D�F�H�� �W�K�H�P�� �R�Q�� �W�K�H�� �I�U�D�P�H���� �D�W�� �W�K�H�� �O�R�F�D�W�L�R�Q�� �R�I�� �W�K�H�� �S�O�D�Q�N�� �W�R�� �E�H�� �O�D�L�G�� �E�X�W�� �Z�L�W�K�R�X�W�� �F�R�Y�H�U�L�Q�J�� �W�K�H�� �S�U�H�Y�L�R�X�V�� �V�W�U�D�N�H�� ���O�H�I�W���¾��
�¿�J�X�U�H����
�)�L�[�� �W�K�H�� �V�W�U�L�S�V�� �W�R�J�H�W�K�H�U�� �L�Q�� �W�K�H�L�U�� �R�Y�H�U�O�D�S�S�L�Q�J�� �D�U�H�D�V�� �L�Q�� �D�� �U�L�J�L�G�� �P�D�Q�Q�H�U���� �L�G�H�Q�W�L�I�\�� �W�K�H�� �S�R�V�L�W�L�R�Q�� �R�I�� �W�K�H�� �W�U�D�Q�V�R�P���� �V�W�D�W�L�R�Q���¾��
�W�H�P�S�O�D�W�H�V���D�Q�G���E�R�Z��
�,�I���Q�H�F�H�V�V�D�U�\�����S�O�D�F�H���D���V�P�D�O�O���V�K�L�P���E�H�W�Z�H�H�Q���W�K�H���V�W�D�W�L�R�Q���W�H�P�S�O�D�W�H���D�Q�G���W�K�H���V�W�U�D�N�H���W�H�P�S�O�D�W�H���V�R���W�K�D�W���W�K�H���O�D�W�W�H�U���L�V���L�Q���W�K�H���¾��
�V�D�P�H���S�O�D�Q�H���D�V���W�K�H���S�O�D�Q�N���W�R���E�H���O�D�L�G�����U�L�J�K�W���¿�J�X�U�H����
�'�U�D�Z���D�U�F�V���D�E�R�X�W�����H�Y�H�U�\���������F�P�����V�H�H���E�R�W�K���¿�J�X�U�H�V�����¾��
�3�O�D�F�H���W�K�H���V�W�U�D�N�H���W�H�P�S�O�D�W�H���W�K�X�V���I�R�U�P�H�G���R�Q���W�K�H���S�O�\�Z�R�R�G���S�O�D�Q�N���W�R���E�H���V�K�D�S�H�G�����S�D�\���D�W�W�H�Q�W�L�R�Q���W�R���W�K�H���G�L�U�H�F�W�L�R�Q���R�I���W�K�H���V�F�D�U�I�V���¾��
�D�Q�G���W�K�H�L�U���S�O�D�F�H�P�H�Q�W�����V�K�L�I�W�H�G���E�H�W�Z�H�H�Q���D�G�M�R�L�Q�L�Q�J���V�W�U�D�N�H�V�������D�O�V�R���W�D�N�H���F�D�U�H���W�R���D�Y�R�L�G���G�U�R�S�S�L�Q�J���W�K�H���W�H�P�S�O�D�W�H���R�U���S�O�D�Q�N����
�0�D�U�N���Z�L�W�K���W�K�H���F�R�P�S�D�V�V���W�K�H���F�R�Q�W�R�X�U���R�I���W�K�H���V�W�U�D�N�H���O�R�Z�H�U���O�H�I�W���¿�J�X�U�H�������W�K�H���S�R�V�L�W�L�R�Q���R�I���W�K�H���V�W�D�W�L�R�Q�V�����D�Q�G���W�K�H���H�Q�G�V���¾��
�8�V�L�Q�J�� �D�� �E�D�W�W�H�Q���� �G�U�D�Z�� �D�� �Y�H�U�\�� �U�H�J�X�O�D�U�� �F�X�U�Y�H�� ���W�K�H�� �T�X�D�O�L�W�\�� �R�I�� �W�K�L�V�� �O�L�Q�H�� �L�V�� �H�V�V�H�Q�W�L�D�O�� �I�R�U�� �W�K�H�� �D�H�V�W�K�H�W�L�F�V�� �R�I�� �W�K�H�� �¿�Q�L�V�K�H�G���¾��
�E�R�D�W����
�2�Q���H�D�F�K���V�W�D�W�L�R�Q���W�H�P�S�O�D�W�H�����P�H�D�V�X�U�H���W�K�H���Z�L�G�W�K���R�I���W�K�H���S�O�D�Q�N�����D�Q�G���G�U�D�Z���W�K�H���V�H�F�R�Q�G���F�R�Q�W�R�X�U���R�I���W�K�H���V�W�U�D�N�H���¾��
�&�X�W���W�K�H���V�W�U�D�N�H���D�Q�G���S�O�D�F�H���L�W���L�Q���S�R�V�L�W�L�R�Q���W�R���F�K�H�F�N���W�K�D�W���L�W���¿�W�V���Z�H�O�O���W�R���W�K�H���S�U�H�Y�L�R�X�V���R�Q�H���¾��

Spilling planks
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Vocabulary

The sole is the horizontal plank that replaces the keel.�¾��
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Joining the garboard and the sole
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�R�I���D���E�R�D�W���D�Q�G���O�L�N�H���W�K�H���¿�O�H�����P�D�\���Q�R�W���E�H���U�H�S�U�R�G�X�F�H�G�����W�U�D�Q�V�P�L�W�W�H�U�G���W�R���D���W�K�L�U�G���S�D�U�W�\�����R�U���S�X�E�O�L�V�K�H�G���L�Q���Z�K�R�O�H���R�U���L�Q���S�D�U�W���Z�L�W�K�R�X�W���W�K�H��
�Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���W�K�H���D�U�F�K�L�W�H�F�W��

Object

When making a lapstrake hull, it is necessary to handle complete strakes whose length is that of the boat (even a 
little more with the curvature), mount them on the strongback for adjusting the contours and chamfers, place them by 
tightening the connection with the previous strake.

The purpose of this sheet is to provide the corresponding technical solutions.

Holding strakes on the strongback

Except in the case of glued laminated frames, before laying 
�W�K�H���S�O�D�Q�N�V�����L�W���Z�L�O�O���E�H���Y�H�U�\���G�L�ˆ�F�X�O�W���W�R���¿�[���W�K�H���S�O�D�Q�N�V���G�L�U�H�F�W�O�\���W�R���W�K�H��
bulkheads or jigs by screws or nails.

�7�K�H���¿�J�X�U�H���W�R���W�K�H���U�L�J�K�W���V�K�R�Z�V���K�R�Z���W�R���X�V�H���D���F�O�H�D�W���F�X�W���L�Q�W�R���S�O�\�Z�R�R�G���D�Q�G��
attached to the strongback by a clamp.

We can also make holes in the station templates and directly pass a 
clamp that applies the planking against the template. 

Holding the planking together

The traditional tool for tightening lapstrakes is the wooden clamp; an 
�H�D�V�\���W�R���L�P�S�O�H�P�H�Q�W���Y�H�U�V�L�R�Q���L�V���V�K�R�Z�Q���L�Q���W�K�H���¿�J�X�U�H�����Z�L�W�K���G�L�P�H�Q�V�L�R�Q�V��
for strakes of medium width. 

It is not essential, as part of the methods, I propose use provisional 
screws or rivets. These will do service to complete the tightening in 
certain areas or to replace clamps in situations where they are not 
usable

Curvature control

It happens, quite often even, that strakes of plating do not have as 
regular curvature as one might wish. We can correct, at least in part, 
�W�K�H�V�H���S�U�R�E�O�H�P�V�����H�L�W�K�H�U���E�H�I�R�U�H���W�K�H���¿�Q�D�O���O�D�\�L�Q�J���R�U���E�H�I�R�U�H���O�D�\�L�Q�J���W�K�H��
next plank. 

The ends of the planks always tend to go “straight ahead” while one 
would like to obtain a regular curvature to the bow (or marotte?) or 
�W�R���W�K�H���W�U�D�Q�V�R�P�����:�H���P�X�V�W���¿�U�V�W���P�D�N�H���V�X�U�H���R�I���W�K�H���G�H�¿�Q�L�W�L�Y�H���V�T�X�D�U�H�Q�H�V�V��
of the stem or transom by bending a batten across which serves to 
�F�K�H�F�N���W�K�L�V���D�O�L�J�Q�P�H�Q�W�����D�V���V�K�R�Z�Q���R�Q���W�K�H���¿�J�X�U�H����

Then with twine or wire, constrain the plating while the glue is 
setting, install rivets (drill holes if needed) using the protruding part 
(down arrow). In the case of the stem, we can link between them the 
two symmetrical sides. It is also possible to trap a cleat between two 
jigs to constrain outward bowing of the planking (upward arrow).

The same methods (pulling with wire, pushing with cleats) are 
usable everywhere, whenever necessary. If we do it before laying 
the next strake, we have a chance to remove the defect.

Temporary mounting of
planks/lapstrakes
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�7�K�L�V���G�R�F�X�P�H�Q�W���L�V���W�K�H���S�U�R�S�H�U�W�\���R�I���)�U�D�Q�F�R�L�V���9�L�Y�L�H�U�����1�D�Y�D�O���$�U�F�K�L�W�H�F�W�����,�W���L�V���S�D�U�W���R�I���D���¿�O�H���L�Q�W�H�Q�G�H�G���I�R�U���W�K�H���D�P�D�W�H�X�U���F�R�Q�V�W�U�X�F�W�L�R�Q��
�R�I���D���E�R�D�W���D�Q�G���O�L�N�H���W�K�H���¿�O�H�����P�D�\���Q�R�W���E�H���U�H�S�U�R�G�X�F�H�G�����W�U�D�Q�V�P�L�W�W�H�U�G���W�R���D���W�K�L�U�G���S�D�U�W�\�����R�U���S�X�E�O�L�V�K�H�G���L�Q���Z�K�R�O�H���R�U���L�Q���S�D�U�W���Z�L�W�K�R�X�W���W�K�H��
�Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���W�K�H���D�U�F�K�L�W�H�F�W��

Introduction

The technique of “stitch & glue” is to assemble a boat hull with pieces of 
�S�U�H���F�X�W���S�O�\�Z�R�R�G���W�R���W�K�H���¿�Q�D�O���G�L�P�H�Q�V�L�R�Q�����W�R���³�6�H�Z�´���W�K�H�V�H���W�R�J�H�W�K�H�U���E�\���P�H�D�Q�V��
�R�I���Z�L�U�H�����R�U���R�W�K�H�U�����W�L�H�V�����D�Q�G���¿�Q�D�O�O�\���W�R���¿�E�H�U�J�O�D�V�V���W�K�H���M�R�L�Q�W�V���L�Q�V�L�G�H���D�Q�G���R�X�W�V�L�G�H����
�W�K�X�V�� �F�U�H�D�W�L�Q�J�� �D�� �N�L�Q�G�� �R�I�� �³�Z�H�O�G�L�Q�J�´�� �E�H�W�Z�H�H�Q�� �W�Z�R�� �D�G�M�D�F�H�Q�W�� �S�O�D�W�H�V�� �R�U�� �S�O�D�Q�N�V����
�2�U�L�J�L�Q�D�O�O�\���� �W�K�L�V�� �P�H�W�K�R�G�� �Z�D�V�� �X�V�H�G�� �L�Q�� �D�� �V�S�L�U�L�W�� �R�I�� �³�3�O�D�Q�N�� �¿�U�V�W���´�� �W�K�H�� �I�U�D�P�H�V�� �R�U��
�S�D�U�W�L�W�L�R�Q�V�� �E�H�L�Q�J�� �V�X�E�V�H�T�X�H�Q�W�O�\�� �D�G�M�X�V�W�H�G�� �D�Q�G�� �S�O�D�F�H�G�� �L�Q�V�L�G�H�� �W�K�H�� �K�X�O�O���� �%�X�W��
�P�R�G�H�U�Q���F�R�P�S�X�W�H�U���G�H�V�L�J�Q���W�R�R�O�V���I�X�U�W�K�H�U���L�P�S�U�R�Y�H�G���W�K�H���P�H�W�K�R�G���E�\���S�U�H���G�H�¿�Q�L�Q�J��
�E�R�W�K���W�K�H���J�H�R�P�H�W�U�\���R�I���W�K�H���S�D�U�W�L�W�L�R�Q�V���D�Q�G���W�K�D�W���R�I���W�K�H���S�O�D�Q�N�V����

�7�K�H���S�O�D�Q�V���W�K�D�W���,���S�U�R�S�R�V�H�����O�L�N�H���W�K�L�V���V�H�F�W�L�R�Q�����D�U�H���P�D�G�H���W�R���I�R�O�O�R�Z���W�K�L�V���O�R�J�L�F�����:�H��
�¿�U�V�W���P�R�X�Q�W���V�R�P�H���S�D�U�W�L�W�L�R�Q�V�����I�U�D�P�H�V���R�U���V�W�D�W�L�R�Q���W�H�P�S�O�D�W�H�V�����D�Q�G���W�K�H���W�U�D�Q�V�R�P���L�I���L�W��
�H�[�L�V�W�V�������W�K�H�Q���Z�H���D�G�G���R�Q���W�K�H���K�X�O�O���S�O�D�W�L�Q�J���S�O�D�Q�N�V���Z�K�L�F�K���D�U�H���Z�L�U�H���W�L�H�G���L�Q���S�R�V�L�W�L�R�Q��
�D�Q�G���W�K�H���M�R�L�Q�W�V���V�X�E�V�H�T�X�H�Q�W�O�\���U�H�L�Q�I�R�U�F�H�G���E�\���H�S�R�[�\���¿�E�H�U�J�O�D�V�V���W�D�S�H�����$�O�O���W�K�L�V���L�V��
�H�V�V�H�Q�W�L�D�O�O�\���W�K�H���U�H�Y�H�U�V�H���R�I���W�U�D�G�L�W�L�R�Q�D�O���K�X�O�O���F�R�Q�V�W�U�X�F�W�L�R�Q��

�7�K�H���V�W�L�W�F�K���D�Q�G���J�O�X�H���D�S�S�U�R�D�F�K���J�U�H�D�W�O�\���V�L�P�S�O�L�¿�H�V���F�R�Q�V�W�U�X�F�W�L�R�Q���I�R�U���W�K�H���D�P�D�W�H�X�U����
�Q�R���F�R�P�S�O�L�F�D�W�H�G���O�D�\�R�X�W�����Q�R���M�R�L�Q�H�U�\�����I�H�Z���V�R�O�L�G���Z�R�R�G���D�V�V�H�P�E�O�L�H�V������

���,�W���Z�L�O�O���D�O�Z�D�\�V���E�H���E�H�Q�H�¿�F�L�D�O���W�R���X�V�H���P�D�U�L�Q�H���S�O�\�Z�R�R�G���W�K�D�W���H�Q�V�X�U�H�V���D���O�R�Q�J�H�U���O�L�I�H��
�R�I�� �W�K�H�� �E�R�D�W���� �7�K�H�� �F�K�R�L�F�H�� �R�I�� �D�Q�� �R�N�R�X�P�p�� �S�O�\�Z�R�R�G�� �L�V�� �E�H�W�W�H�U�� �I�R�U�� �¿�E�H�U�J�O�D�V�V�L�Q�J����
�+�R�Z�H�Y�H�U�����V�W�L�W�F�K���D�Q�G���J�O�X�H���F�R�Q�V�W�U�X�F�W�L�R�Q���K�D�V���W�K�H���D�G�Y�D�Q�W�D�J�H���R�I���S�U�R�W�H�F�W�L�Q�J���W�K�H��
�S�O�\�Z�R�R�G�����D�Q�G���D�O�V�R���O�H�Q�G�V���L�W�V�H�O�I���W�R���W�K�H���X�V�H���R�I���D�Q���H�[�W�H�U�L�R�U���S�O�\�Z�R�R�G�����&�7�%�;���L�Q���)�U�D�Q�F�H�������H�V�S�H�F�L�D�O�O�\���L�I���Z�H���F�R�P�S�O�H�W�H�O�\���¿�E�H�U�J�O�D�V�V��
�W�K�H���L�Q�W�H�U�L�R�U�����I�R�U���R�S�H�Q���E�R�D�W�V�������7�K�L�V���K�H�O�S�V���W�R���P�D�N�H���W�K�L�V���W�\�S�H���R�I���F�R�Q�V�W�U�X�F�W�L�R�Q���H�F�R�Q�R�P�L�F�D�O�����$���V�W�L�W�F�K���D�Q�G���J�O�X�H���K�X�O�O�O���Z�L�O�O���Q�R�U�P�D�O�O�\���E�H��
�S�D�L�Q�W�H�G�����E�X�W���L�W���L�V���S�R�V�V�L�E�O�H���W�R���O�H�D�Y�H���D���Y�D�U�Q�L�V�K�H�G���V�W�U�L�S���L�Q���W�K�H���K�L�J�K�H�U���H�[�W�H�U�L�R�U���K�X�O�O���S�R�U�W�L�R�Q�V�����D�E�R�Y�H���³�V�W�L�W�F�K�H�G�´���D�U�H�D�V�����L�I���Z�H���Z�D�Q�W���W�R��
�N�H�H�S���D���Z�R�R�G���O�R�R�N��

The preparation of the bulkheads

�0�R�V�W���R�I�W�H�Q�����W�K�H���F�R�Q�V�W�U�X�F�W�L�R�Q���L�V���G�R�Q�H���R�Q���S�O�\�Z�R�R�G���E�X�O�N�K�H�D�G�V�����U�D�W�K�H�U���W�K�L�F�N�������$�O�W�H�U�Q�D�W�L�Y�H�O�\�����R�Q�H���F�D�Q���E�X�L�O�G���R�Q���W�H�P�S�O�D�W�H�V�����Z�K�L�F�K��
�D�U�H���Q�R�W���S�D�U�W���R�I�� �W�K�H���¿�Q�L�V�K�H�G���E�R�D�W���� �:�H���¿�Q�G���W�K�L�V���O�D�W�W�H�U���P�H�W�K�R�G���H�V�S�H�F�L�D�O�O�\�� �R�Q���W�K�H���E�R�D�W�V���Z�K�H�U�H���D���S�U�L�R�U�L�W�\�� �L�V���O�L�J�K�W���Z�H�L�J�K�W���� �%�R�W�K��
�W�H�F�K�Q�L�T�X�H�V���P�D�\���D�O�V�R���F�R�K�D�E�L�W���W�K�H���V�D�P�H���E�R�D�W����

�,�Q�� �W�K�H�� �F�D�V�H�� �R�I�� �E�X�O�N�K�H�D�G�V���� �W�K�H�\�� �Z�L�O�O�� �E�H�� �F�K�D�P�I�H�U�H�G�� �D�V�� �V�K�R�Z�Q�� �L�Q�� �W�K�H�� �¿�J�X�U�H�� ���O�H�I�W������ �7�K�L�V�� �D�O�O�R�Z�V���� �R�Q�F�H�� �W�K�H�� �S�O�D�Q�N�V���S�D�Q�H�O�V�� �D�U�H��
�S�R�V�L�W�L�R�Q�H�G�����¿�O�O�L�Q�J���W�K�H���J�D�S���Z�L�W�K���H�[�S�R�[�\�����H�Q�V�X�U�L�Q�J���J�R�R�G���E�R�Q�G�L�Q�J�����P�L�G�G�O�H���R�I���W�K�H���¿�J�X�U�H�������)�L�Q�D�O�O�\�����D�I�W�H�U���À�L�S�S�L�Q�J�����D�W���W�K�H���O�R�F�D�W�L�R�Q����
�W�K�H���K�X�O�O�����Z�H���S�X�W���F�O�H�D�Q���¿�O�O�H�W���M�R�L�Q�W�V�����U�L�J�K�W�������S�R�V�V�L�E�O�\���U�H�L�Q�I�R�U�F�H�G���E�\���H�S�R�[�\���¿�E�H�U�J�O�D�V�V���W�D�S�H���L�I���L�Q�G�L�F�D�W�H�G���E�\���W�K�H���S�O�D�Q�V����

Stitch and glued plywood



�7�K�L�V���G�R�F�X�P�H�Q�W���L�V���W�K�H���S�U�R�S�H�U�W�\���R�I���)�U�D�Q�F�R�L�V���9�L�Y�L�H�U�����1�D�Y�D�O���$�U�F�K�L�W�H�F�W�����,�W���L�V���S�D�U�W���R�I���D���¿�O�H���L�Q�W�H�Q�G�H�G���I�R�U���W�K�H���D�P�D�W�H�X�U���F�R�Q�V�W�U�X�F�W�L�R�Q��
�R�I���D���E�R�D�W���D�Q�G���O�L�N�H���W�K�H���¿�O�H�����P�D�\���Q�R�W���E�H���U�H�S�U�R�G�X�F�H�G�����W�U�D�Q�V�P�L�W�W�H�U�G���W�R���D���W�K�L�U�G���S�D�U�W�\�����R�U���S�X�E�O�L�V�K�H�G���L�Q���Z�K�R�O�H���R�U���L�Q���S�D�U�W���Z�L�W�K�R�X�W���W�K�H��
�Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���W�K�H���D�U�F�K�L�W�H�F�W��

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

Preparation of the planks/panels

�7�K�H���S�O�D�Q�N�V���D�U�H���F�X�W���W�R���W�K�H���U�L�J�K�W���V�F�D�O�H�����H�L�W�K�H�U���I�U�R�P���D���G�L�P�H�Q�V�L�R�Q�H�G���S�O�D�Q�����H���J�����Z�L�W�K��
�D���S�D�W�W�H�U�Q���W�U�D�F�H�G���R�Q���S�R�O�\�H�V�W�H�U���E�H�L�Q�J���W�K�H���P�R�V�W���D�S�S�U�R�S�U�L�D�W�H�������7�K�H���S�O�D�Q�N�V���P�D�\��
�D�O�V�R���K�D�Y�H���E�H�H�Q���S�U�R�Y�L�G�H�G���L�Q���D���N�L�W���D�I�W�H�U���F�X�W�W�L�Q�J���R�Q���D���&�1�&���P�D�F�K�L�Q�H�����:�K�H�Q���W�K�H��
latter is not used the planks are cut slightly outside the outlines traced on the 
plywood and the planks planed to obtain a very regular plank edge matching 
�R�X�W�O�L�Q�H���� �7�K�H�� �R�X�W�O�L�Q�H�� �D�W�� �W�K�H�� �V�H�F�R�Q�G�� �S�O�D�Q�N���S�D�Q�H�O�� �H�G�J�H�� �L�V�� �R�E�W�D�L�Q�H�G�� �E�\�� �S�O�D�F�L�Q�J��
�S�O�D�Q�N�V���D�O�U�H�D�G�\���F�X�W���D�Q�G���S�O�D�Q�H�G���D�V���G�U�D�Z�L�Q�J���J�X�L�G�H�V����

The plank edges can be chamfered to facilitate the alignment of two sides 
���W�R�S���R�I�� �¿�J�X�U�H���R�Q���U�L�J�K�W������ �Z�K�L�O�H���H�Q�V�X�U�L�Q�J���W�K�D�W���W�K�H�U�H���L�V���D�O�Z�D�\�V���D�Q���R�S�H�Q���J�D�S���R�Q��
�H�D�F�K���V�L�G�H���W�R���D�O�O�R�Z���I�R�U���L�Q�V�H�U�W�L�R�Q���R�I���W�K�H���H�S�R�[�\���S�X�W�W�\���,�Q���W�K�H���M�R�L�Q�W����

�:�K�H�Q�� �W�K�H�� �S�O�D�Q�N�V�� �D�U�H�� �F�O�R�V�H�O�\�� �D�O�L�J�Q�H�G���� �D�� �F�K�D�P�I�H�U�� �Z�L�O�O�� �K�D�Y�H�� �W�R�� �E�H�� �P�D�G�H�� �R�Q��
outside of the plank to provide a gap for insertion of the epoxy putty (bottom 
�R�I���¿�J�X�U�H����

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

�,�W���L�V���L�P�S�R�U�W�D�Q�W���W�K�D�W���W�K�H���K�R�O�H�V���D�U�H���D�O�L�J�Q�H�G���Z�L�W�K���R�Q�H���D�Q�R�W�K�H�U���R�Q���D�G�M�D�F�H�Q�W���S�D�Q�H�O�V�����)�R�U��
�W�K�H���O�L�Q�H�G���R�I���I�X�Q�G�V�����S�O�D�F�H���W�K�H�P���R�Q���W�R�S���R�I���H�D�F�K���R�W�K�H�U���D�Q�G���S�L�H�U�F�H���W�K�H���W�Z�R���W�R�J�H�W�K�H�U����
�)�R�U���D�G�M�D�F�H�Q�W���H�G�J�H�V�����G�U�L�O�O���R�Q�H���R�I���W�K�H���W�Z�R���S�D�Q�H�O�V���S�O�D�Q�N�V���D�Q�G���P�D�U�N���W�K�H���S�R�V�L�W�L�R�Q�V���R�U��
�G�U�L�O�O���G�L�U�H�F�W�O�\���R�S�S�R�V�L�W�H�����R�Q���W�K�H���D�G�M�D�F�H�Q�W���S�D�Q�H�O��

�,�Q�� �S�U�L�Q�F�L�S�O�H���� �D�� �V�W�U�L�S�� �R�I�� �¿�E�H�U�J�O�D�V�V�� �L�V�� �H�S�R�[�L�H�G�� �R�Q�� �W�K�H�� �R�X�W�V�L�G�H�� �H�D�F�K�� �E�L�O�J�H�� �M�R�L�Q�W���� �W�K�H�Q�� �Z�H�� �G�R�� �D��
�F�R�P�S�O�H�W�H���¿�E�H�U�J�O�D�V�L�Q�J���R�I���W�K�H���K�X�O�O�����V�H�H���E�H�O�R�Z�������7�K�L�V���F�U�H�D�W�H�V���D���U�L�V�N���R�I���F�U�H�D�W�L�Q�J���D���V�P�D�O�O���H�[�F�H�V�V��
�W�K�L�F�N�Q�H�V�V���R�Q���W�K�H���V�L�G�H�V���R�I���W�K�H���W�D�S�H���W�K�D�W���Z�L�O�O���E�H���G�L�ˆ�F�X�O�W���W�R���I�D�L�U���X�V�L�Q�J���R�Q�O�\���S�X�W�W�\���D�Q�G���V�D�Q�G�L�Q�J�����7�K�H��
�P�R�V�W���H�O�H�J�D�Q�W���V�R�O�X�W�L�R�Q���W�K�D�W���Z�L�O�O���J�L�Y�H���D�Q���L�P�S�H�F�F�D�E�O�H���O�R�R�N���W�R���W�K�H���¿�Q�L�V�K�H�G���S�O�D�Q�N���L�V���W�R���U�H�P�R�Y�H���D��
�O�L�W�W�O�H���W�K�L�F�N�Q�H�V�V���������V�P�D�O�O���P�L�O�O�L�P�H�W�H�U���E�D�Q�G�����R�I���S�O�\�Z�R�R�G���E�\���P�H�D�Q�V���R�I���D���U�R�X�W�H�U�����¿�J�X�U�H�������7�K�H���Z�L�G�W�K��
�G�H�¿�Q�H�G���D�F�F�R�U�G�L�Q�J���W�R���W�K�H���¿�E�H�U�J�O�D�V�V���V�W�U�L�S�V���Z�H���Z�L�O�O���V�X�E�V�H�T�X�H�Q�W�O�\���D�S�S�O�\�����O�H�D�Y�L�Q�J���D���V�P�D�O�O���P�D�U�J�L�Q��
�W�K�D�W���Z�L�O�O���E�H���¿�O�O�H�G���Z�L�W�K���O�R�Z���G�H�Q�V�L�W�\���S�X�W�W�\��

The ties

�<�R�X���F�D�Q���X�V�H���Z�L�U�H�����F�R�S�S�H�U���Z�L�U�H�����¿�V�K�L�Q�J���Z�L�U�H�����R�U���W�K�H���S�O�D�V�W�L�F���W�L�H�V���X�V�H�G���E�\���H�O�H�F�W�U�L�F�L�D�Q�V�����%�X�W���Z�L�U�H���U�H�P�D�L�Q�V���W�K�H���P�R�V�W���S�U�D�F�W�L�F�D�O���W�R��
�S�U�R�S�H�U�O�\���D�G�M�X�V�W���W�K�H���W�H�Q�V�L�R�Q���I�R�U���H�D�F�K���O�L�Q�N�����7�K�H���Y�D�O�X�H���R�I���W�K�H���F�R�S�S�H�U���Z�L�U�H���L�V���W�K�D�W���R�Q�H���F�D�Q���F�R�Q�V�L�G�H�U���O�H�D�Y�L�Q�J���L�W���L�Q���S�O�D�F�H�����H�P�E�H�G�G�H�G��
�L�Q���W�K�H���U�H�V�L�Q�����D�I�W�H�U���F�X�W�W�L�Q�J���Z�K�D�W���H�[�F�H�H�G�V�����%�X�W���G�L�‡�H�U�H�Q�F�H�V���L�Q���H�[�S�D�Q�V�L�R�Q���F�R�H�ˆ�F�L�H�Q�W�V���D�U�H���O�L�N�H�O�\���W�R���F�U�H�D�W�H���D�J�L�Q�J���S�U�R�E�O�H�P�V���D�Q�G��
�W�K�L�V���P�H�W�K�R�G���L�V���W�K�H�U�H�I�R�U�H���Q�R�W���U�H�F�R�P�P�H�Q�G�H�G�����7�K�H���S�O�D�V�W�L�F���W�L�H�V���R�I���H�O�H�F�W�U�L�F�L�D�Q���F�D�Q���E�H���X�V�H�I�X�O���L�Q���V�S�H�F�L�¿�F���D�U�H�D�V���Z�K�H�U�H���W�K�H���E�U�L�Q�J�L�Q�J��
�W�R�J�H�W�K�H�U�� �R�I�� �E�R�W�K�� �V�L�G�H�V�� �L�V�� �G�L�ˆ�F�X�O�W���� �W�K�H�� �E�R�Z�� �I�R�U�� �H�[�D�P�S�O�H���� �3�O�D�V�W�L�F�� �W�L�H�V�� �D�O�O�R�Z�� �I�R�U�� �S�U�R�J�U�H�V�V�L�Y�H�� �W�L�J�K�W�H�Q�L�Q�J���� �:�L�U�H�� �L�V�� �W�K�H�� �V�L�P�S�O�H�V�W��
�D�Q�G���P�R�V�W���H�F�R�Q�R�P�L�F�D�O���F�K�R�L�F�H�����H�V�S�H�F�L�D�O�O�\���L�I���\�R�X���¿�Q�G���W�K�H���F�R�U�U�H�F�W���G�L�D�P�H�W�H�U���������W�R�������P�P�����L�Q���W�K�H���J�D�U�G�H�Q�L�Q�J���G�H�S�D�U�W�P�H�Q�W���R�I���\�R�X�U��
�K�D�U�G�Z�D�U�H���V�W�R�U�H��

Stitch and glued plywood



�7�K�L�V���G�R�F�X�P�H�Q�W���L�V���W�K�H���S�U�R�S�H�U�W�\���R�I���)�U�D�Q�F�R�L�V���9�L�Y�L�H�U�����1�D�Y�D�O���$�U�F�K�L�W�H�F�W�����,�W���L�V���S�D�U�W���R�I���D���¿�O�H���L�Q�W�H�Q�G�H�G���I�R�U���W�K�H���D�P�D�W�H�X�U���F�R�Q�V�W�U�X�F�W�L�R�Q��
�R�I���D���E�R�D�W���D�Q�G���O�L�N�H���W�K�H���¿�O�H�����P�D�\���Q�R�W���E�H���U�H�S�U�R�G�X�F�H�G�����W�U�D�Q�V�P�L�W�W�H�U�G���W�R���D���W�K�L�U�G���S�D�U�W�\�����R�U���S�X�E�O�L�V�K�H�G���L�Q���Z�K�R�O�H���R�U���L�Q���S�D�U�W���Z�L�W�K�R�X�W���W�K�H��
�Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���W�K�H���D�U�F�K�L�W�H�F�W��

�1�R�W�H���W�K�D�W���R�Q�H���F�D�Q���P�D�N�H���D���Z�D�\���W�R���W�Z�L�V�W���W�K�H���Z�L�U�H���Z�L�W�K���D���F�R�U�G�O�H�V�V���V�F�U�H�Z�G�U�L�Y�H�U���D�Q�G���D���K�R�R�N���L�Q�V�W�H�D�G���R�I���X�V�L�Q�J���S�O�L�H�U�V��

�/�L�J�D�W�X�U�H�V���D�U�H���R�Q�O�\���D���W�H�P�S�R�U�D�U�\���F�R�Q�Q�H�F�W�L�R�Q�����:�L�W�K���W�K�H���S�R�W�H�Q�W�L�D�O���H�[�F�H�S�W�L�R�Q���D�E�R�Y�H�����Z�L�W�K���F�R�S�S�H�U���Z�L�U�H�V�����\�R�X���P�X�V�W���U�H�P�R�Y�H���W�K�H���W�L�H�V��
�D�I�W�H�U���W�K�H���L�Q�L�W�L�D�O���H�S�R�[�\���K�D�V���F�X�U�H�G���E�X�W���E�H�I�R�U�H���F�R�P�S�O�H�W�L�Q�J���W�K�H���E�R�Q�G�L�Q�J���R�I���M�R�L�Q�W�V�����¿�O�O�H�W�L�Q�J�����¿�E�H�U�J�O�D�V�V���W�D�S�H�����H�W�F�����D�Q�G���¿�E�H�U�J�O�D�V�V�L�Q�J��
�W�K�H���E�L�O�J�H�V����

Two methods are possible: 

�(�S�R�[�\���W�K�H���M�R�L�Q�W�V���E�H�W�Z�H�H�Q���W�K�H���W�L�H�V���D�Q�G���R�Q�F�H���W�K�H�V�H���K�D�Y�H���K�D�U�G�H�Q�H�G�����U�H�P�R�Y�H���W�K�H���W�L�H�V���E�H�I�R�U�H���F�R�P�S�O�H�W�L�Q�J���W�K�H���E�R�Q�G���R�I���¾��
�W�K�H���H�Q�W�L�U�H���M�R�L�Q�W��

�(�Q�F�D�V�H���W�K�H���W�L�H�V���L�Q���W�K�H���U�H�V�L�Q���D�Q�G���D�I�W�H�U���K�D�U�G�H�Q�L�Q�J���U�H�P�R�Y�H���W�K�H���Z�L�U�H���E�\���K�H�D�W�L�Q�J���L�W���I�U�R�P���W�K�H���R�X�W�V�L�G�H�����Z�K�L�F�K���K�D�V���W�K�H���H�‡�H�F�W���¾��
�R�I���V�R�I�W�H�Q�L�Q�J���W�K�H���H�S�R�[�\�����7�K�H���K�H�D�W�L�Q�J���W�L�P�H���P�X�V�W���E�H���F�D�U�H�I�X�O�O�\���D�G�M�X�V�W�H�G���W�R���D�Y�R�L�G���G�D�P�D�J�L�Q�J���R�U���E�X�U�Q�L�Q�J���W�K�H���U�H�V�L�Q�����S�D�\��
�D�W�W�H�Q�W�L�R�Q���W�R���W�K�H���U�L�V�N���R�I���¿�U�H����

�7�K�H���¿�U�V�W���P�H�W�K�R�G���L�V���P�\���S�U�H�I�H�U�H�Q�F�H�����S�U�R�Y�L�G�H�G���W�K�D�W���W�K�H���T�X�D�O�L�W�\���R�I���W�K�H���H�S�R�[�\���E�R�Q�G�L�Q�J���L�V���J�R�R�G�����L�I���Q�H�H�G���E�H���E�R�W�K���V�L�G�H�V���D�U�H���E�R�Q�G�H�G����
�E�H�F�D�X�V�H���Z�H���G�R���Q�R�W���K�D�Y�H���W�R���V�X�E�V�H�T�X�H�Q�W�O�\���G�L�V�W�X�U�E���W�K�H���K�D�U�G�H�Q�H�G���H�S�R�[�\���Z�K�H�Q���U�H�P�R�Y�L�Q�J���W�K�H���W�L�H�V��

Laying the planks

�/�H�W�¶�V���J�R���E�D�F�N���W�R���W�K�H���J�H�Q�H�U�D�O���S�U�R�F�H�V�V���R�I���O�D�\�L�Q�J���W�K�H���S�O�D�Q�N�V�����:�H���V�X�S�S�R�V�H���W�K�D�W���E�X�O�N�K�H�D�G�V�����W�H�P�S�O�D�W�H�V��
�D�Q�G�� �W�U�D�Q�V�R�P�� �D�U�H�� �L�Q�� �S�O�D�F�H�� �D�Q�G�� �S�U�R�S�H�U�O�\�� �D�G�M�X�V�W�H�G���� �:�H�� �E�H�J�L�Q�� �E�\�� �O�D�\�L�Q�J�� �W�K�H�� �W�Z�R�� �J�D�U�E�R�D�U�G�V�� �R�U��
�E�R�W�W�R�P���S�O�D�Q�N�V���W�R�J�H�W�K�H�U�����Z�K�H�U�H���W�K�H�U�H���L�V���Q�R���V�R�O�H���R�U���À�D�W���E�R�W�W�R�P�������:�H���F�D�Q���W�L�H���W�K�H�P���W�R�J�H�W�K�H�U���À�D�W��
�D�J�D�L�Q�V�W���H�D�F�K���R�W�K�H�U���O�H�D�Y�L�Q�J���D���V�X�ˆ�F�L�H�Q�W���J�D�S���L�Q���W�K�H���W�L�H�V�����:�H���F�D�Q���L�Q�V�H�U�W���D���S�H�Q�F�L�O���R�U���U�R�G���X�Q�G�H�U���W�K�H��
�W�L�H�V���R�Q�F�H���W�K�H�\���D�U�H���S�R�V�L�W�L�R�Q�H�G���W�R���K�D�Y�H���D�Q���L�G�H�Q�W�L�F�D�O���R�Y�H�U�O�D�S���H�Y�H�U�\�Z�K�H�U�H�����W�R�S���¿�J�X�U�H������

�7�K�H�Q���R�S�H�Q���W�K�H���W�Z�R���S�D�Q�H�O�V���S�O�D�Q�N�V���D�Q�G���S�R�V�L�W�L�R�Q���W�K�H�P���R�Q���W�K�H���V�W�U�R�Q�J�E�D�F�N�����6�H�W���W�K�H���W�H�Q�V�L�R�Q���R�I���W�K�H��
�W�L�H�V���V�R���W�K�H���W�Z�R���S�O�D�Q�N�V���D�U�H���M�X�V�W���L�Q���F�R�Q�W�D�F�W���D�Q�G���S�O�D�F�H���W�H�P�S�R�U�D�U�\���V�F�U�H�Z�V���L�Q���W�K�H���E�X�O�N�K�H�D�G���W�H�P�S�O�D�W�H�V��
�W�R���L�P�P�R�E�L�O�L�]�H���D�O�O�����%�H���F�D�U�H�I�X�O���Q�R�W���W�R���R�Y�H�U���W�L�J�K�W�H�Q���W�K�H���V�F�U�H�Z�V���E�H�F�D�X�V�H���J�L�Y�H�Q���W�K�H���F�K�D�P�I�H�U�V���R�I���W�K�H��
�S�D�U�W�L�W�L�R�Q�V�����L�W���Z�R�X�O�G���G�L�V�W�R�U�W���W�K�H���S�O�D�W�L�Q�J����

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

�/�D�\���W�K�H���I�R�O�O�R�Z�L�Q�J���S�O�D�Q�N�V�����P�D�N�L�Q�J���W�K�H���Q�H�F�H�V�V�D�U�\���K�R�O�H�V���D�W���D�V�V�H�P�E�O�\�����D�Q�G���V�R���R�Q���X�Q�W�L�O���\�R�X���U�H�D�F�K��
�W�K�H���V�K�H�H�U���S�O�D�Q�N�����S�O�D�Q�N���D�W���W�K�H���W�R�S����

The curvature adjustment of the planking

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

�<�R�X���P�D�\���D�O�V�R���Q�H�H�G���W�R���E�U�L�Q�J���W�K�H���W�Z�R���V�L�G�H�V���R�I���W�K�H���K�X�O�O���F�O�R�V�H�U���W�R�J�H�W�K�H�U�����,�Q���W�K�L�V���F�D�V�H�����M�X�V�W���G�U�L�O�O���W�Z�R���K�R�O�H�V���D�Q�G���W�R���S�D�V�V���D���V�W�U�L�Q�J���R�U��
�D���Z�L�U�H���Z�K�L�F�K���Z�L�O�O���E�H���W�H�Q�V�L�R�Q�H�G���X�Q�W�L�O���D���V�D�W�L�V�I�D�F�W�R�U�\���F�R�U�U�H�F�W�L�R�Q���L�V���U�H�D�F�K�H�G�����%�H���F�D�U�H�I�X�O���W�R���G�R���Q�R�W���R�Y�H�U�G�R���L�W�����E�H�F�D�X�V�H���D���F�R�U�U�H�F�W�L�R�Q��
�L�Q���R�Q�H���S�O�D�F�H���F�D�Q���O�H�D�G���W�R���D���G�L�V�W�R�U�W�L�R�Q���H�O�V�H�Z�K�H�U�H�����%�H���Z�D�U�\���R�I�����P�P���S�O�\�Z�R�R�G���K�X�O�O�V���Z�K�L�F�K���D�U�H���Y�H�U�\���À�H�[�L�E�O�H���D�Q�G���W�K�H�U�H�I�R�U�H���P�R�U�H��
�G�L�ˆ�F�X�O�W���W�R���F�R�Q�W�U�R�O�����7�K�H���Y�D�U�L�R�X�V���F�R�U�U�H�F�W�L�Y�H���G�H�Y�L�F�H�V���Z�L�O�O���K�D�Y�H���W�R���E�H���O�H�I�W���L�Q���S�O�D�F�H���X�Q�W�L�O���¿�E�H�U�J�O�D�V�V�L�Q�J���L�V���V�X�ˆ�F�L�H�Q�W�O�\���D�G�Y�D�Q�F�H�G���V�R��
�W�K�D�W���W�K�H���K�X�O�O���N�H�H�S�V���L�W�V���V�K�D�S�H�����,�W���L�V���L�P�S�R�U�W�D�Q�W���W�K�D�W���W�K�H���V�K�H�H�U���F�X�U�Y�H�����X�S�S�H�U���O�L�P�L�W���R�I���W�K�H���K�X�O�O�����L�V���Y�H�U�\���U�H�J�X�O�D�U�����7�K�H���V�X�E�V�H�T�X�H�Q�W��
�O�D�\�L�Q�J���R�I���W�K�H���J�X�Q�Z�D�O�H�����D�I�W�H�U���W�X�U�Q�L�Q�J���W�K�H���K�X�O�O�����R�U���E�H�D�P���F�O�D�P�S�����G�H�F�N�H�G���E�R�D�W�����Z�L�O�O���K�H�O�S���F�R�U�U�H�F�W���D�Q�\���L�P�S�H�U�I�H�F�W�L�R�Q�V�����%�X�W���L�W���P�D�\���E�H��

Stitch and glued plywood



�E�H�W�W�H�U���W�R���V�W�L�‡�H�Q���W�K�H���V�K�H�H�U���E�H�I�R�U�H���¿�E�H�U�J�O�D�V�V�L�Q�J�����$�V���L�W���L�V���G�L�ˆ�F�X�O�W���W�R���D�G�M�X�V�W���W�K�H���J�X�Q�Z�D�O�H���R�U���E�H�D�P���F�O�D�P�S���X�S�V�L�G�H���G�R�Z�Q�����Z�H���F�D�Q���D�W��
�O�H�D�V�W���W�H�P�S�R�U�D�U�L�O�\���¿�[�����Z�L�W�K���V�F�U�H�Z�V���L�Q���S�O�D�F�H�V���W�K�D�W���Z�L�O�O���E�H���K�L�G�G�H�Q���O�D�W�H�U�����D���¿�U�V�W���O�R�Q�J�L�W�X�G�L�Q�D�O���H�O�H�P�H�Q�W��

�)�L�O�O�H�W�V���D�Q�G���H�[�W�H�U�Q�D�O���¿�E�H�U�J�O�D�V�V�L�Q�J

�7�Z�R���W�\�S�H�V���R�I���H�S�R�[�\���S�X�W�W�\���D�U�H���X�V�H�G���I�R�U���P�D�N�L�Q�J���D���V�H�Z�Q���O�D�P�L�Q�D�W�H�G���V�K�H�O�O��

�$���V�W�U�X�F�W�X�U�D�O���V�H�D�O�D�Q�W�����O�R�D�G�H�G���Z�L�W�K���¿�E�H�U�V�����K�D�Y�L�Q�J���D���J�R�R�G���P�H�F�K�D�Q�L�F�D�O���U�H�V�L�V�W�D�Q�F�H�����I�R�U���M�R�L�Q�W�V���O�H�D�Y�H���¾��

�$���V�P�R�R�W�K�L�Q�J���S�X�W�W�\�����O�R�D�G�H�G���Z�L�W�K���P�L�F�U�R���V�S�K�H�U�H�V�����W�R���¿�O�O���V�X�U�I�D�F�H���L�U�U�H�J�X�O�D�U�L�W�L�H�V���E�H�I�R�U�H���O�¿�E�H�U�J�O�D�V�V�L�Q�J���D�Q�G���E�H�I�R�U�H���S�D�L�Q�W�L�Q�J���¾��

We also use two types of glass fabrics:

�)�L�E�H�U�J�O�D�V�V���W�D�S�H�����S�U�H�I�H�U�D�E�O�\���R�I���W�K�H���E�L�D�[�L�D�O���W�\�S�H���W�R���V�W�U�H�Q�J�W�K�H�Q���W�K�H���E�R�Q�G�V���¾��

�5�R�O�O���I�D�E�U�L�F�����X�V�X�D�O�O�\���W�Z�L�O�O�����I�R�U���W�K�H���O�D�P�L�Q�D�W�L�R�Q���R�I���W�K�H���H�Q�W�L�U�H���R�X�W�H�U���V�K�H�O�O�����7�K�L�V���I�D�E�U�L�F���F�D�Q���D�O�V�R���E�H���X�V�H�G���D�V���D���¿�Q�L�V�K�L�Q�J���O�D�\�H�U���¾��
�L�Q�V�L�G�H�����D�E�R�Y�H���W�K�H���E�L�D�[�L�D�O���F�O�R�W�K�����D�V���W�K�L�V���J�L�Y�H�V���D���P�R�U�H���¿�Q�L�V�K�H�G���O�R�R�N�����E�X�W���\�R�X���K�D�Y�H���W�R���F�X�W���L�W���L�Q���D���V�W�U�L�S����

�2�Q�F�H���W�K�H���K�X�O�O���L�V���Z�H�O�O���D�G�M�X�V�W�H�G�����Z�H���L�Q�V�H�U�W���E�R�Q�G�L�Q�J�����H�S�R�[�\���S�X�W�W�\�����E�H�W�Z�H�H�Q���H�D�F�K���W�L�H���L�Q�V�L�G�H���W�K�H���K�X�O�O�����D�Q�G���R�X�W�V�L�G�H���Z�K�H�Q�H�Y�H�U���W�K�H��
�E�R�Q�G���L�V���Q�R�W���H�Q�R�X�J�K�����L�H���Z�K�H�Q�H�Y�H�U���W�K�H���D�Q�J�O�H���E�H�W�Z�H�H�Q���S�O�D�Q�N�V���L�V���V�P�D�O�O�����:�K�H�Q���S�X�W�W�L�Q�J���V�W�U�X�F�W�X�U�D�O���H�S�R�[�\���R�Q���W�K�H���R�X�W�V�L�G�H�����P�D�N�H��
�V�X�U�H���W�R���G�R���R�Q�O�\���¿�O�O���W�K�H���L�Q�V�L�G�H���R�I���W�K�H���9���I�R�U�P�H�G���E�\���W�K�H���W�Z�R���S�O�D�Q�N�V�����,�Q���I�D�F�W�����L�W���Z�L�O�O���E�H���Q�H�F�H�V�V�D�U�\���W�R���U�R�X�Q�G���R�‡���W�K�H���F�K�L�P�H�����Z�L�W�K���W�K�H��
�S�O�D�Q�H�U���D�Q�G���E�\���V�D�Q�G�L�Q�J�����D�Q�G���L�W���L�V���Q�H�F�H�V�V�D�U�\���W�R���D�Y�R�L�G���K�D�U�G���S�R�L�Q�W�V���W�K�D�W���W�K�H���H�S�R�[�\���F�U�H�D�W�H�V���Z�K�L�F�K���Z�R�X�O�G���K�L�Q�G�H�U���D�W�W�D�L�Q�L�Q�J���D���V�P�R�R�W�K��
�D�Q�G���U�H�J�X�O�D�U���E�L�O�J�H��

�:�H���D�O�V�R���S�X�W���V�W�U�X�F�W�X�U�D�O���H�S�R�[�\���E�H�W�Z�H�H�Q���E�X�O�N�K�H�D�G���D�Q�G���S�O�D�Q�N�V�����E�H�W�Z�H�H�Q���W�K�H���W�U�D�Q�V�R�P���D�Q�G���S�O�D�Q�N�L�Q�J�����D�Q�G���E�H�W�Z�H�H�Q���W�K�H���W�Z�R���S�O�D�Q�N�V��
�D�W���W�K�H���E�R�Z����

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

�2�Q�F�H���W�K�H���W�L�H�V���D�U�H���U�H�P�R�Y�H�G�����F�R�P�S�O�H�W�H���W�K�H���E�R�Q�G�L�Q�J���R�I���M�R�L�Q�W�V���L�Q�V�L�G�H���W�K�H���K�X�O�O�����,�Q���S�U�L�Q�F�L�S�O�H�����Z�H���Z�L�O�O���Z�D�L�W���X�Q�W�L�O���D�I�W�H�U���À�L�S�S�L�Q�J���W�K�H���K�X�O�O��
�W�R���¿�Q�L�V�K���W�K�H���M�R�L�Q�W�V���¿�O�O�H�W�V���D�Q�G���O�D�\���W�K�H���¿�E�H�U�J�O�D�V�V���V�W�U�L�S�V�����L�Q���R�U�G�H�U���W�R���P�D�N�H���D���F�O�H�D�Q�H�U���M�R�E�����+�R�Z�H�Y�H�U�����Z�H���F�D�Q���D�O�U�H�D�G�\���¿�E�H�U�J�O�D�V�V��
�W�K�H���K�L�G�G�H�Q���D�U�H�D�V�����E�X�R�\�D�Q�F�\���F�K�D�P�E�H�U�V�����F�K�H�V�W�V�����V�S�D�F�H�V���X�Q�G�H�U���À�R�R�U�V�����W�R���F�R�Q�V�R�O�L�G�D�W�H���W�K�H���K�X�O�O���E�H�I�R�U�H���S�U�R�F�H�H�G�L�Q�J���W�R���H�[�W�H�U�Q�D�O��
�¿�Q�L�V�K�H�V����

�7�K�R�U�R�X�J�K�O�\���U�R�X�Q�G���W�K�H���F�K�L�Q�H�V���R�X�W�V�L�G�H�����)�L�Q�L�V�K���D�W���¿�U�V�W���Z�L�W�K���D���S�O�D�Q�H�����I�R�U���D���J�R�R�G���O�R�Q�J�L�W�X�G�L�Q�D�O���V�P�R�R�W�K�L�Q�J�����D�Q�G���W�K�H�Q���Z�L�W�K���D���V�D�Q�G�L�Q�J��
�E�O�R�F�N�����)�L�O�O���W�K�H���M�R�L�Q�W�V���Z�L�W�K���H�S�R�[�\�� �S�X�W�W�\���D�Q�G���V�D�Q�G���W�R���R�E�W�D�L�Q���D���Y�H�U�\���I�D�L�U���V�X�U�I�D�F�H�����7�K�H���¿�Q�L�V�K�H�V���Z�L�O�O���E�H���G�R�Q�H���Z�L�W�K���D���O�R�Z���G�H�Q�V�L�W�\��
�P�D�V�W�L�F�����V�P�R�R�W�K�L�Q�J�����Z�K�R�V�H���K�D�U�G�Q�H�V�V���L�V���F�O�R�V�H���W�K�D�W���R�I���Z�R�R�G���D�Q�G���Z�K�L�F�K���L�V���H�D�V�L�H�U���W�R���V�D�Q�G��

�/�D�\���D���V�W�U�L�S���R�I���V�W�U�D�W�L�¿�F�D�W�L�R�Q���R�Q���H�D�F�K���F�K�L�Q�H�����V�H�H���Q�R�W�H���D�Q�G���V�N�H�W�F�K���D�E�R�Y�H���R�Q���W�K�H���S�U�H�S�D�U�D�W�L�R�Q���R�I���W�K�H���S�O�D�Q�N�V���W�R���W�K�H���U�R�X�W�H�U����

�6�D�Q�G�����F�K�H�Z���D�Q�G���V�D�Q�G���D�J�D�L�Q���W�R���P�L�Q�L�P�L�]�H���W�K�H���H�G�J�H���R�I���W�K�H���O�D�P�L�Q�D�W�L�R�Q���V�W�U�L�S�V����

�)�L�Q�L�V�K���E�\���D���F�R�P�S�O�H�W�H���V�W�U�D�W�L�¿�F�D�W�L�R�Q���R�I���W�K�H���S�O�D�W�L�Q�J��

�'�H�S�H�Q�G�L�Q�J���R�Q���W�K�H���V�S�H�F�L�¿�F���E�R�D�W�����Z�H���Z�L�O�O���K�D�Y�H���W�R���D�W�W�D�F�K���V�R�P�H���H�O�H�P�H�Q�W�V���E�H�I�R�U�H���¿�E�H�U�J�O�D�V�V�L�Q�J�����I�D�O�V�H���N�H�H�O�����V�N�H�J�����I�D�O�V�H���E�R�Z�����D�Q�G��
�R�W�K�H�U�V�����U�X�Q�Q�H�U���R�U���V�W�U�D�Q�G�L�Q�J���N�H�H�O�����D�I�W�H�U���O�D�P�L�Q�D�W�L�R�Q��

�� �,�Q�� �W�K�H�� �V�D�P�H�� �Z�D�\���� �W�K�H�� �W�H�P�S�R�U�D�U�\�� �V�F�U�H�Z�V�� �W�R�� �W�K�H�� �E�X�O�N�K�H�D�G�V�� �R�U�� �W�H�P�S�O�D�W�H�V�� �Z�L�O�O�� �E�H�� �U�H�P�R�Y�H�G�� �E�H�I�R�U�H�� �¿�E�H�U�J�O�D�V�V�L�Q�J���� �:�H�� �F�D�Q��
�U�H�L�Q�I�R�U�F�H���W�K�H���F�R�Q�Q�H�F�W�L�R�Q�V���Z�L�W�K���W�K�H���S�D�U�W�L�W�L�R�Q�V���Z�L�W�K���V�W�D�L�Q�O�H�V�V���V�W�H�H�O���¿�Q�D�O���V�F�U�H�Z�V���Z�K�R�V�H���K�H�D�G���Z�L�O�O���E�H���H�P�E�H�G�G�H�G���L�Q���W�K�H���S�O�D�Q�N���D�Q�G��
�F�R�Y�H�U�H�G���Z�L�W�K���H�S�R�[�\���S�X�W�W�\����

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

�)�L�O�O�H�W�V���D�Q�G���L�Q�W�H�U�L�R�U���¿�E�H�U�J�O�D�V�V�L�Q�J��

�7�K�H���K�X�O�O���L�V���W�X�U�Q�H�G���D�Q�G���U�L�J�J�H�G�����W�D�N�L�Q�J���F�D�U�H���W�R���D�Y�R�L�G���D�Q�\���G�L�V�W�R�U�W�L�R�Q�����R�Y�H�U�D�O�O���W�Z�L�V�W�������7�K�H���¿�O�O�H�W���M�R�L�Q�W�V���D�U�H���F�R�P�S�O�H�W�H�G���D�Q�G���F�R�Y�H�U�H�G��
�Z�L�W�K���V�W�U�L�S���R�I���¿�E�H�U�J�O�D�V�V���D�V���V�S�H�F�L�¿�H�G���R�Q���W�K�H���E�R�D�W�¶�V���S�O�D�Q�V�����,�I���W�K�H�U�H���L�V���P�R�U�H���W�K�D�Q���R�Q�H���O�D�\�H�U�����O�D�\���D�V���P�D�Q�\���V�W�U�L�S�V���D�V���S�R�V�V�L�E�O�H���W�R���K�L�G�H��
�W�K�H���H�G�J�H�V��

�7�K�L�V���G�R�F�X�P�H�Q�W���L�V���W�K�H���S�U�R�S�H�U�W�\���R�I���)�U�D�Q�F�R�L�V���9�L�Y�L�H�U�����1�D�Y�D�O���$�U�F�K�L�W�H�F�W�����,�W���L�V���S�D�U�W���R�I���D���¿�O�H���L�Q�W�H�Q�G�H�G���I�R�U���W�K�H���D�P�D�W�H�X�U���F�R�Q�V�W�U�X�F�W�L�R�Q��
�R�I���D���E�R�D�W���D�Q�G���O�L�N�H���W�K�H���¿�O�H�����P�D�\���Q�R�W���E�H���U�H�S�U�R�G�X�F�H�G�����W�U�D�Q�V�P�L�W�W�H�U�G���W�R���D���W�K�L�U�G���S�D�U�W�\�����R�U���S�X�E�O�L�V�K�H�G���L�Q���Z�K�R�O�H���R�U���L�Q���S�D�U�W���Z�L�W�K�R�X�W���W�K�H��
�Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���W�K�H���D�U�F�K�L�W�H�F�W��

Stitch and glued plywood



�7�K�L�V���G�R�F�X�P�H�Q�W���L�V���W�K�H���S�U�R�S�H�U�W�\���R�I���)�U�D�Q�F�R�L�V���9�L�Y�L�H�U�����1�D�Y�D�O���$�U�F�K�L�W�H�F�W�����,�W���L�V���S�D�U�W���R�I���D���¿�O�H���L�Q�W�H�Q�G�H�G���I�R�U���W�K�H���D�P�D�W�H�X�U���F�R�Q�V�W�U�X�F�W�L�R�Q��
�R�I���D���E�R�D�W���D�Q�G���O�L�N�H���W�K�H���¿�O�H�����P�D�\���Q�R�W���E�H���U�H�S�U�R�G�X�F�H�G�����W�U�D�Q�V�P�L�W�W�H�U�G���W�R���D���W�K�L�U�G���S�D�U�W�\�����R�U���S�X�E�O�L�V�K�H�G���L�Q���Z�K�R�O�H���R�U���L�Q���S�D�U�W���Z�L�W�K�R�X�W���W�K�H��
�Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���W�K�H���D�U�F�K�L�W�H�F�W��

Function

Steam-bent frames are a very traditional solution for ensuring the transverse strength of the hull. The expertise and 
material for installation of such frames remains quite accessible to the amateur. They can be used on lapstrake hulls, strip 
built hulls and of course on a classic planking. It is also a quick method. Avoid using them on boats with very hard chines. 
Even if you manage to place these in the latter type, that’s when the boat will age.

The laying is generally done in-situ, i.e. in the hull already established. It is in any case the application that we will 
describe in this section.

It can be appreciated, that it is also possible to bend frames on a suitable form, to place the bent frames on a form or 
strongback, and then to lay the planks. Finally, on larger boats, it is the planks which are steamed in heavily worked areas, 
especially for the garbord at the front.

The timber for bent chords

In France, acacia wood is commonly used for bent frames. In England, 
where this wood is less common, oak is used. Elm is also a suitable wood, 
�E�X�W�����D���Y�L�F�W�L�P���R�I���W�K�H���G�L�V�H�D�V�H�����L�W���L�V���D�O�P�R�V�W���L�P�S�R�V�V�L�E�O�H���W�R���¿�Q�G���W�K�H�V�H���G�D�\�V�����$�V�K��
is also a possibility.

It is advisable to use green wood. Otherwise, it is possible to increase 
the humidity percentage by leaving the sawn slats in salt water for a few 
weeks. 

The slats should be sawn parallel to the grain, in any case as close as 
possible. Otherwise, it is likely that the frames will break when when they 
are laid. A fortiori, knots are not acceptable, and in any case, the penalty is 
immediate at placement: it breaks! Do not hesitate to cut redundant frames.

�/�H�D�Y�H���D�Q���H�[�F�H�V�V���R�I���������F�P���D�W���W�K�H���H�Q�G�V���W�R���I�D�F�L�O�L�W�D�W�H���L�Q�V�W�D�O�O�D�W�L�R�Q�����&�K�D�P�I�H�U���L�Q�Q�H�U���H�G�J�H�V�����V�H�H���¿�J�X�U�H�������7�R���J�D�L�Q���W�L�P�H�����O�R�F�D�W�H���W�K�H��
�F�H�Q�W�H�U���R�I���W�K�H���I�U�D�P�H���D�Q�G���S�U�H���G�U�L�O�O�H�G���E�H�I�R�U�H���V�W�H�D�P�L�Q�J�����I�R�U���V�F�U�H�Z�L�Q�J���L�Q�W�R���W�K�H���N�H�H�O�������7�L�H���D���V�W�U�L�Q�J���D�W���R�Q�H���H�Q�G���R�I���W�K�H���I�U�D�P�H���W�R��
more easily remove it from the oven.

The oven

To bend the chords, it is necessary to heat them (up to 100 ° C 
�D�S�S�U�R�[�L�P�D�W�H�O�\�����I�R�U���D���V�X�ˆ�F�L�H�Q�W���W�L�P�H���V�R���W�K�D�W���W�K�H���Z�R�R�G���E�H�F�R�P�H�V��
malleable enough all the way through. The principle is to heat 
by steam but soaking the wood directly in the water is not 
excluded. It is therefore necessary to have an oven whose 
constituents are: 

�$���J�R�R�G���¿�U�H�����X�V�X�D�O�O�\���E�D�V�H�G���R�Q���D���J�D�V���E�X�U�Q�H�U�����&�D�P�S�L�Q�J���¾��
�J�D�V���Z�L�O�O���Q�R�W���V�X�ˆ�F�H�����H�[�F�H�S�W���I�R�U���V�P�D�O�O���V�D�P�S�O�H�V�����F�D�Q�R�H����
�D�W�W�D�F�K�P�H�Q�W�V����

A container for boiling water: a small casserole, �¾��
�U�H�F�\�F�O�H�G���J�D�V���E�R�W�W�O�H�����D�Q�G���Z�H�O�O���H�P�S�W�L�H�G���R�I���W�K�H���J�D�V��������
can, etc ... Attention! Steam is dangerous, especially 
when it is under pressure. In practice, we will avoid 
risks by adopting an assembly with controlled leaks 
and, therefore, an internal pressure little higher than 
ambient.

Steam bent frames



�7�K�L�V���G�R�F�X�P�H�Q�W���L�V���W�K�H���S�U�R�S�H�U�W�\���R�I���)�U�D�Q�F�R�L�V���9�L�Y�L�H�U�����1�D�Y�D�O���$�U�F�K�L�W�H�F�W�����,�W���L�V���S�D�U�W���R�I���D���¿�O�H���L�Q�W�H�Q�G�H�G���I�R�U���W�K�H���D�P�D�W�H�X�U���F�R�Q�V�W�U�X�F�W�L�R�Q��
�R�I���D���E�R�D�W���D�Q�G���O�L�N�H���W�K�H���¿�O�H�����P�D�\���Q�R�W���E�H���U�H�S�U�R�G�X�F�H�G�����W�U�D�Q�V�P�L�W�W�H�U�G���W�R���D���W�K�L�U�G���S�D�U�W�\�����R�U���S�X�E�O�L�V�K�H�G���L�Q���Z�K�R�O�H���R�U���L�Q���S�D�U�W���Z�L�W�K�R�X�W���W�K�H��
�Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���W�K�H���D�U�F�K�L�W�H�F�W��

�$���À�H�[�L�E�O�H���K�R�V�H�����D���W�\�S�H���V�X�F�K���D�V���D�Q���D�X�W�R�P�R�W�L�Y�H���F�R�R�O�D�Q�W���K�R�V�H�����R�I���¾��
�J�R�R�G���G�L�D�P�H�W�H�U�����R�I���O�H�V�V���W�K�D�Q���������P�P�������W�R���F�R�Q�G�X�F�W���W�K�H���V�W�H�D�P��

�)�L�Q�D�O�O�\���D���W�X�E�H���R�I���V�X�ˆ�F�L�H�Q�W���O�H�Q�J�W�K���W�R���F�R�Q�W�D�L�Q���W�K�H���I�U�D�P�H�V���D�Q�G���¾��
to which the steam will be conducted. The tube is closed at 
one end. On the side where the frames are handled, we close 
�Z�L�W�K���D���V�W�R�S�S�H�U�����P�D�G�H���R�I���Z�R�R�G���I�R�U���H�[�D�P�S�O�H�����Z�L�W�K���D���U�D�J���D�U�R�X�Q�G����
that is easily removed (so much the better if there are leaks to 
�S�U�H�Y�H�Q�W�V���W�K�H���U�L�V�H���L�Q���S�U�H�V�V�X�U�H�������7�K�H���W�X�E�H���F�D�Q���E�H���P�D�G�H���R�I���P�H�W�D�O��
���H�J���F�K�L�P�Q�H�\���S�L�S�H�V�����R�U���3�9�&�����S�U�R�Y�L�G�H�G���W�K�H���O�D�W�W�H�U���L�V���V�X�S�S�R�U�W�H�G��
�R�Q���D���Z�R�R�G�H�Q���E�H�D�P�����3�9�&���Z�L�O�O���V�R�I�W�H�Q�������0�D�N�H���V�R�P�H���K�R�O�H�V���L�Q��
the lower part of the tube to evacuate condensation water. 
You can also make an elongated wooden box. It is advisable 
to place some supports, inside the oven, which will allow the 
steam to wrap the frame to be heated.

If the oven is to be used only for a boat, all recycled materials may be 
used, on the condition that minimum of good sense is demonstrated to 
avoid accidents. Better to put all this together outside, or in a shed of 
good height.

Preparation of the hull

Before starting to install the frames:

Remove all glue drips and sand down the entire the hull, which is easier before laying �¾��
frames,

�0�D�U�N���W�K�H���O�R�F�D�W�L�R�Q���R�I���W�K�H���I�U�D�P�H�V���Z�L�W�K���D���À�H�[�L�E�O�H���E�D�W�W�H�Q�����:�K�H�Q�H�Y�H�U���S�R�V�V�L�E�O�H���W�K�H���I�U�D�P�H�V���¾��
are in one piece, from one edge to the other. But at the ends, especially at the front, 
�W�K�H���O�D�V�W���F�D�Q���E�H���L�Q���W�Z�R���H�O�H�P�H�Q�W�V���Q�R�W���Q�H�F�H�V�V�D�U�L�O�\���D�O�L�J�Q�H�G�����W�R���I�D�F�L�O�L�W�D�W�H���L�Q�V�W�D�O�O�D�W�L�R�Q�����R�‡���V�H�W��
�I�U�D�P�H�V�����V�H�H���¿�J�X�U�H�������,�I���W�K�H�U�H���L�V���D���F�H�Q�W�H�U�E�R�D�U�G���F�D�V�H�����L�W���L�V���D�O�V�R���O�L�N�H�O�\���W�K�D�W���V�R�P�H���P�H�P�E�H�U�V��
�Z�L�O�O���E�H���L�Q���W�Z�R���S�D�U�W�V�����7�K�H�\���Z�L�O�O���W�K�H�Q���¿�W���L�Q�W�R���D���P�R�U�W�L�V�H���F�D�U�Y�H�G���L�Q���W�K�H���F�D�E�L�Q���R�I���W�K�H���F�D�V�H�����,�W��
is useful to form them in one piece and then remove the central part.

Drill pilot holes in the planks for rivets, screws or nails: every three strakes or at every strake (in the latter case the �¾��
�K�R�O�H���L�V���D�W���W�K�H���S�R�L�Q�W���R�I���F�R�Q�W�D�F�W���E�H�W�Z�H�H�Q���S�O�D�Q�N���D�Q�G���W�K�H���I�U�D�P�H�������1�R�W�H���W�K�D�W���L�W���L�V���Q�R�U�P�D�O���W�K�D�W�����R�Q���H�L�W�K�H�U���V�L�G�H���R�I���W�K�H���N�H�H�O����
there is no contact between frame and plank. This space will allow water to circulate. Do not drill in this area. 

�3�X�W���L�Q���S�O�D�F�H���V�R�P�H���W�U�D�Q�V�Y�H�U�V�H���W�L�H���U�R�G�V�����O�L�Q�N�L�Q�J���W�K�H���V�K�H�H�U���V�W�U�D�N�H�V���W�R���H�D�F�K���R�W�K�H�U�����Z�K�L�F�K���Z�L�O�O���S�U�H�Y�H�Q�W���W�K�H���R�S�H�Q�L�Q�J���R�I���¾��
�W�K�H���K�X�O�O���Z�K�H�Q���O�D�\�L�Q�J���W�K�H���I�U�D�P�H�V�����D�W�W�H�Q�W�L�R�Q�����W�K�L�V���L�V���L�P�S�R�U�W�D�Q�W������

Example: the tube is made of PVC.
We see the steam escaping in the background.

�5�X�V�W�L�F���R�Y�H�Q�����V�W�H�H�O���W�X�E�H���I�X�O�O���R�I���Z�D�W�H�U���R�Q���D���Z�R�R�G���¿�U�H��
�7�K�H���O�R�Z�H�U���H�Q�G���L�V���S�O�X�J�J�H�G���Z�L�W�K���Z�R�R�G���D�Q�G���E�X�U�L�H�G

to prevent burning.

Steam bent frames



�7�K�L�V���G�R�F�X�P�H�Q�W���L�V���W�K�H���S�U�R�S�H�U�W�\���R�I���)�U�D�Q�F�R�L�V���9�L�Y�L�H�U�����1�D�Y�D�O���$�U�F�K�L�W�H�F�W�����,�W���L�V���S�D�U�W���R�I���D���¿�O�H���L�Q�W�H�Q�G�H�G���I�R�U���W�K�H���D�P�D�W�H�X�U���F�R�Q�V�W�U�X�F�W�L�R�Q��
�R�I���D���E�R�D�W���D�Q�G���O�L�N�H���W�K�H���¿�O�H�����P�D�\���Q�R�W���E�H���U�H�S�U�R�G�X�F�H�G�����W�U�D�Q�V�P�L�W�W�H�U�G���W�R���D���W�K�L�U�G���S�D�U�W�\�����R�U���S�X�E�O�L�V�K�H�G���L�Q���Z�K�R�O�H���R�U���L�Q���S�D�U�W���Z�L�W�K�R�X�W���W�K�H��
�Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���W�K�H���D�U�F�K�L�W�H�F�W��

Joining planks to frames

Before laying frames, it is necessary to choose the method of connection between these frames and the planks. The 
�W�U�D�G�L�W�L�R�Q�D�O���P�H�W�K�R�G���L�V���W�K�H���E�R�D�W���U�L�Y�H�W�����6�H�F�W�L�R�Q�����������D�Q�G���L�W���L�V���X�Q�G�R�X�E�W�H�G�O�\���W�K�H���P�R�V�W���D�G�D�S�W�H�G�����6�F�U�H�Z�V���F�D�Q���D�O�V�R���E�H���X�V�H�G���I�U�R�P��
�W�K�H���R�X�W�V�L�G�H�����S�U�R�Y�L�G�H�G���W�K�D�W���W�K�H���I�U�D�P�H���K�D�V���D���V�X�ˆ�F�L�H�Q�W���W�K�L�F�N�Q�H�V�V���R�Q���W�K�H���O�D�W�K���W�R���H�Q�V�X�U�H���J�R�R�G���K�R�O�G�L�Q�J�����7�K�H���P�H�W�K�R�G���L�V���I�D�V�W�H�U�����,�Q��
�S�U�D�F�W�L�F�H�����U�H�V�H�U�Y�H���L�W���I�R�U���E�R�D�W�V���Z�L�W�K���D���V�R�I�W���F�K�L�Q�H���D�Q�G���W�K�H�U�H�I�R�U�H���I�U�D�P�H���Z�L�W�K���O�D�U�J�H���U�D�G�L�L�����:�H���F�D�Q���P�D�U�U�\���W�K�H���W�Z�R���W�H�F�K�Q�L�T�X�H�V���X�V�L�Q�J��
�V�P�D�O�O���V�F�U�H�Z�V�����G�H�V�L�J�Q�H�G���I�R�U���F�K�L�S�E�R�D�U�G�����D�V���W�H�P�S�R�U�D�U�\���F�R�Q�Q�H�F�W�L�R�Q�V���D�W���W�K�H���W�L�P�H���R�I���L�Q�V�W�D�O�O�D�W�L�R�Q�����W�K�H�Q���U�H�S�O�D�F�H�G���E�\���U�L�Y�H�W�V���R�I��
�J�U�H�D�W�H�U���G�L�D�P�H�W�H�U�����W�K�D�Q���W�K�H���V�F�U�H�Z�V����

On very light craft, rivets can be replaced by nails with the points hammered over.

The laying of the frames

�:�H���V�W�D�U�W���Z�L�W�K���W�K�H���P�L�G�G�O�H���R�I���W�K�H���E�R�D�W���W�K�H�Q���Z�R�U�N��
towards the ends. The frames are placed in the 
oven only when it is hot. Leave them there about 
�������P�L�Q�X�W�H�V�����I�R�U���������P�P���W�K�L�F�N�������Q�R���O�H�V�V�����E�H�F�D�X�V�H���L�W��
is not good to put a frame in the oven for too short 
a time, but no longer because the frame would 
become brittle. If we break the frame or we cannot 
bend it, it will usually be for one of the following 
�U�H�D�V�R�Q�V�����L�Q�V�X�ˆ�F�L�H�Q�W���W�H�P�S�H�U�D�W�X�U�H�����Z�H���F�D�Q���L�Q�V�X�O�D�W�H��
�W�K�H���R�Y�H�Q�������W�R�R���G�U�\���Z�R�R�G�����R�U���S�R�R�U�O�\���F�X�W���Z�R�R�G����

Start with a test with two or three frames. 
�0�D�N�H���V�X�U�H���Z�H���Z�L�O�O���Q�R�W���E�H���V�K�R�U�W���R�I���Z�D�W�H�U���E�H�I�R�U�H��
continuing. The ideal is to place a new frame in 
the oven whenever another is just taken out to be 
formed/mounted. 

The laying of the frames must be done in two 
or even three steps. At the exit of the oven, the 
�Q�R�Z���À�H�[�L�E�O�H���O�L�P�E���L�V���T�X�L�F�N�O�\���D�S�S�O�L�H�G���D�J�D�L�Q�V�W���W�K�H��

Restoration of a canoe:
�Z�H���X�V�H���Q�D�L�O���E�H�Q�W���R�Y�H�U���R�Q���Y�H�U�\���À�H�[�L�E�O�H���U�L�E�V

(lof slender thickness)

Construction of an Ilur with lapstrake and bent frames: peening rivets.
© Francis Holveck in Douarnenez

Installing a chord on an Aber - © Francis Holveck in Douarnenez

Steam bent frames



�7�K�L�V���G�R�F�X�P�H�Q�W���L�V���W�K�H���S�U�R�S�H�U�W�\���R�I���)�U�D�Q�F�R�L�V���9�L�Y�L�H�U�����1�D�Y�D�O���$�U�F�K�L�W�H�F�W�����,�W���L�V���S�D�U�W���R�I���D���¿�O�H���L�Q�W�H�Q�G�H�G���I�R�U���W�K�H���D�P�D�W�H�X�U���F�R�Q�V�W�U�X�F�W�L�R�Q��
�R�I���D���E�R�D�W���D�Q�G���O�L�N�H���W�K�H���¿�O�H�����P�D�\���Q�R�W���E�H���U�H�S�U�R�G�X�F�H�G�����W�U�D�Q�V�P�L�W�W�H�U�G���W�R���D���W�K�L�U�G���S�D�U�W�\�����R�U���S�X�E�O�L�V�K�H�G���L�Q���Z�K�R�O�H���R�U���L�Q���S�D�U�W���Z�L�W�K�R�X�W���W�K�H��
�Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���W�K�H���D�U�F�K�L�W�H�F�W��

�S�O�D�Q�N�L�Q�J�����3�U�H�V�V���R�Q���K�L�V���L�Q���W�K�H���F�H�Q�W�H�U�����R�Q���W�K�H���N�H�H�O�����W�K�H�Q��
put some clamps against the pre-presses and force the 
frame to marry the curves of the boat by using some 
mallet strokes to two ends. Screw the frame on the 
keel, then continue by alternately screwing each edge 
working out from the center.

It’s good to have a person to be inside of the hull, able 
to put his foot on the frame and push it against the 
planks with his hands or knee. For light constructions, 
which do not allow his weight inside the boat, it may be 
advantageous to bend the frame with the help of the 
�I�R�R�W���E�H�I�R�U�H���S�X�W�W�L�Q�J���L�W���L�Q���S�O�D�F�H�����:�H���F�D�Q���H�Y�H�Q���X�V�H���D���M�L�J���I�R�U��
bending which approximates the curvature of the chine.

Laying a chord on an Aber, screwed to the plating
© Francis Holveck in Douarnenez

Steam bent frames
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�Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���W�K�H���D�U�F�K�L�W�H�F�W��

Introduction

We are dealing here with the laying of glued-laminated members after making the hull, which can be lapstrake, strips, or 
even cold molded wood. In-situ laminated frames are an alternative to using steamed frames. Two methods are possible, 
one using the hull directly as a mold, the other using the station templates which were used to build the hull. This second 
method is more advantageous in terms of ease and quality of work, but can only be applied to frames placed at the location 
of a template, which is not always the case (I am now referring to my plans).

Laminating ribs in the hull

It is in this case the hull itself that serves as a mold and we work at the location where the frame is placed, hence the 
expression “in-situ.”

Before starting to install the frames:

Remove all glue drips and sand completely the inside of the hull, which is �¾��
easier before laying frames. 

�7�U�D�F�H���W�K�H���O�R�F�D�W�L�R�Q���R�I���W�K�H���I�U�D�P�H�V���Z�L�W�K���D���À�H�[�L�E�O�H���O�D�W�K�����:�K�H�Q�H�Y�H�U���S�R�V�V�L�E�O�H���¾��
the frames are in one piece, from one edge to the other. But at the ends, 
especially at the front, the latter may be in two elements that are not 
�Q�H�F�H�V�V�D�U�L�O�\���D�O�L�J�Q�H�G�����W�R���I�D�F�L�O�L�W�D�W�H���W�K�H�L�U���L�Q�V�W�D�O�O�D�W�L�R�Q�����V�H�H���¿�J�X�U�H�V�������,�I���W�K�H�U�H���L�V���D��
centerboard case it is also likely that some members will be in two parts. 
�7�K�H�\���Z�L�O�O���W�K�H�Q���¿�W���L�Q�W�R���D���P�R�U�W�L�V�H���F�X�W���R�X�W���L�Q���W�K�H���F�O�H�D�W���R�I���W�K�H���F�D�V�H�����:�H���F�D�Q��
form them in one piece (before installing the case) and then remove the 
central part.

Ilur after laying lamellated ribs in-situ
© Jean-François Dockes

Deformed frames

Frames laminated in place
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�R�I���D���E�R�D�W���D�Q�G���O�L�N�H���W�K�H���¿�O�H�����P�D�\���Q�R�W���E�H���U�H�S�U�R�G�X�F�H�G�����W�U�D�Q�V�P�L�W�W�H�U�G���W�R���D���W�K�L�U�G���S�D�U�W�\�����R�U���S�X�E�O�L�V�K�H�G���L�Q���Z�K�R�O�H���R�U���L�Q���S�D�U�W���Z�L�W�K�R�X�W���W�K�H��
�Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���W�K�H���D�U�F�K�L�W�H�F�W��

Put in place some transverse tie rods, linking the sheer strakes to each other, which will prevent the opening of the �¾��
hull when laying the frames (attention, this is important!).

Laying laminated members in the hull

Wood slats are used as for a laminated frame. See Section 16 on the thickness and the orientation of the grain. 

In general we will use a supply of slats close in size to the laminated frames, the depth (thickness of slats) being lower than 
the width.

Glue the bundle of slats,�¾��

Pack it in cellophane and keep it tight with tape at a few points,�¾��

Place it inside the hull, holding it temporarily by clamps on each wale,�¾��

Screw the frame into the planks using temporary Phillips head screws (as used for chipboard) of 30 or 35 mm and �¾��
a diameter as small as possible (3 mm outside thread). Start with the keel. For a strip built hull, screw in a frame on 
every third or fourth strip. In a planked hull, screw at the points of contact with the planking.

Before installing each screw, gather the slats with a small clamp and pre-drill a hole through all layers (it is good to �¾��
use a stop on the bit) to the outside diameter of the screw. Note that it is normal that, on either side of the keel, there 
is no contact between frame and plank. This space will allow water to circulate. Do not screw in this area.

After gluing, disassemble the frame from the hull, clean, plane the sides, and chamfer internal corners.�¾��

Install the frame with boat rivets of the same diameter as the previous drilled holes (JP 16 or better JP 18, see �¾��
Section 12).

�$�O�W�H�U�Q�D�W�L�Y�H�O�\�����L�W���L�V���S�R�V�V�L�E�O�H���W�R���V�F�U�H�Z���I�U�R�P���W�K�H���R�X�W�V�L�G�H���R�I���W�K�H���S�O�D�Q�N�����K�D�Y�L�Q�J���W�D�N�H�Q���F�D�U�H���W�R���U�H���¿�O�O���W�K�H���W�H�P�S�R�U�D�U�\���K�R�O�H�V���D�Q�G���¾��
�W�R���R�‡�V�H�W���W�K�H���Q�H�Z���V�F�U�H�Z�V�����,�I���\�R�X���D�U�H���D���S�H�U�I�H�F�W�L�R�Q�L�V�W�����\�R�X���F�D�Q���D�O�V�R���J�O�X�H���D�Q���H�[�W�U�D���O�D�\�H�U���R�Q���W�K�H���I�U�D�P�H���W�R���K�L�G�H���W�K�H���K�R�O�H�V��

On strip built boats, especially when screwing, we will screw the frame to the strips.�¾��

�$�W���W�K�H���H�Q�G�V���R�I���W�K�H���E�R�D�W�����L�W���L�V���G�L�ˆ�F�X�O�W���W�R���S�O�D�F�H���W�K�H���I�U�D�P�H�V���L�Q��
one piece. We will be able to angle them as shown on the 
drawing on page 1. 

Another solution is to build the plank without seeking 
complete contact with the planking. After dismantling 
of the frame, we glue one or two additional layers that 
subsequently planed parallel with the surface of the hull 
before the frame is put back in place, as was done on the 
photo opposite.

Frames laminated in place



�7�K�L�V���G�R�F�X�P�H�Q�W���L�V���W�K�H���S�U�R�S�H�U�W�\���R�I���)�U�D�Q�F�R�L�V���9�L�Y�L�H�U�����1�D�Y�D�O���$�U�F�K�L�W�H�F�W�����,�W���L�V���S�D�U�W���R�I���D���¿�O�H���L�Q�W�H�Q�G�H�G���I�R�U���W�K�H���D�P�D�W�H�X�U���F�R�Q�V�W�U�X�F�W�L�R�Q��
�R�I���D���E�R�D�W���D�Q�G���O�L�N�H���W�K�H���¿�O�H�����P�D�\���Q�R�W���E�H���U�H�S�U�R�G�X�F�H�G�����W�U�D�Q�V�P�L�W�W�H�U�G���W�R���D���W�K�L�U�G���S�D�U�W�\�����R�U���S�X�E�O�L�V�K�H�G���L�Q���Z�K�R�O�H���R�U���L�Q���S�D�U�W���Z�L�W�K�R�X�W���W�K�H��
�Z�U�L�W�W�H�Q���S�H�U�P�L�V�V�L�R�Q���R�I���W�K�H���D�U�F�K�L�W�H�F�W��

Laminating frames on templates

This method is only suitable if the frames are in the same locations as the templates. In principle, the frame and template 
are on both sides of the theoretical pair of tracings and it is therefore important to make a note of which side of the template 
the future frame should be placed. Trace the position of the frame on the hull because it needs a guide once it removed and 
subsequently returned to the hull. 

�7�K�H���¿�U�V�W���V�W�H�S���P�X�V�W���E�H���G�R�Q�H���E�H�I�R�U�H���W�K�H���K�X�O�O���L�V���W�X�U�Q�H�G���R�Y�H�U�����,�W���F�R�Q�V�L�V�W�V���R�I���P�H�D�V�X�U�L�Q�J���D�O�O���W�K�H���S�R�L�Q�W�V���Z�K�H�U�H���W�K�H���S�O�D�Q�N���L�V���Q�R�W���L�Q��
contact with the template, which is always more or less the case, depending on the quality of the plan and the construction. 
Provide good lighting since you have to do this work under the hull. With a graduated ruler, measures the deviations (in the 
plane of the template and perpendicular to its contour) and write the value in mm directly on the template.

In the case of a lapstrake hull, locate the contact points of the frame 
on each plank, and it is only here that the gap between template 
and plank must be measured. If necessary, use a soft shim to better 
�G�H�¿�Q�H���W�K�H���S�R�L�Q�W���R�I���F�R�Q�W�D�F�W��

By means of a piece of wood of the same thickness as that of the frame, it will also be possible to measure the squaring 
with the angle of the hull.

�2�Q�F�H���W�K�H���K�X�O�O���L�V���W�X�U�Q�H�G���R�Y�H�U���D�Q�G���W�K�H���W�H�P�S�O�D�W�H�V���U�H�P�R�Y�H�G�����Z�H���¿�[���W�K�H���P�H�D�V�X�U�H�G���Z�R�R�G�H�Q���F�O�H�D�W�V���D�W���W�K�H���P�D�U�N�H�G���S�R�V�W�L�R�Q�V���R�Q���W�K�H��
templates that allow it to be used as a mold for the frames.

The cleats are placed at a distance from the edge of the template corresponding to the thickness curve on each frame 

(including any additional layer for squareness with the hull). This distance is at each location where a gap between plank 
and template has been measured. In the case of a lapstrake boat (narrow strakes), the cleats are preferably placed at the 
locations of contact points between the template and the hull.

© Bernard Patural

Frames laminated in place
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