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Figure 1. Stay-in-place 3D-printed sandstone formwork for high-performance fibre-reinforced concrete. 
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Figure 2. Casting of ultra-high-performance fibre-reinforced concrete in 3D printed sandstone formwork. 
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Figure 3. Prototype A: material is efficiently 
distributed in a ribbed substructure to reduce weight. 

��

Figure 4. Prototype B: material is efficiently 
distributed in a porous, tubular structure to reduce 

weight.   
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Figure 5. Industrial binder-jet 3D printer fabricating the formwork for Prototype A. 



����

��

�5�H�V�H�D�U�F�K���4�X�H�V�W�L�R�Q�V��
�7�K�H�� �F�H�Q�W�U�D�O�� �T�X�H�V�W�L�R�Q�� �R�I�� �W�K�L�V�� �U�H�V�H�D�U�F�K�� �L�V�� �K�R�Z�� �W�R�� �X�V�H�� �W�K�H�� �X�Q�L�T�X�H���D�G�Y�D�Q�W�D�J�H�V�� �R�I�� ���'���S�U�L�Q�W�H�G��
�V�D�Q�G�V�W�R�Q�H���D�Q�G���R�Y�H�U�F�R�P�H���L�W�V���O�L�P�L�W�D�W�L�R�Q�V���L�Q���R�U�G�H�U���W�R���H�Q�D�E�O�H���W�K�H���I�D�E�U�L�F�D�W�L�R�Q���R�I���O�D�U�J�H���V�F�D�O�H���E�X�L�O�G�L�Q�J��
�F�R�P�S�R�Q�H�Q�W�V�����7�K�H���U�H�V�H�D�U�F�K���L�Q�W�U�R�G�X�F�H�V���D�Q�G���H�[�D�P�L�Q�H�V���W�K�H���F�R�Q�F�H�S�W���R�I���V�W�D�\���L�Q���S�O�D�F�H�����'���S�U�L�Q�W�H�G��
�V�D�Q�G�V�W�R�Q�H�� �I�R�U�P�Z�R�U�N�V�� �D�V�� �D�� �V�R�O�X�W�L�R�Q�� �W�K�D�W�� �F�R�P�E�L�Q�H�V�� �W�K�H�� �J�H�R�P�H�W�U�L�F�� �I�O�H�[�L�E�L�O�L�W�\�� �R�I�� ���'�� �S�U�L�Q�W�L�Q�J��
�V�D�Q�G�V�W�R�Q�H�� �D�Q�G�� �W�K�H�� �V�W�U�X�F�W�X�U�D�O�� �F�D�S�D�F�L�W�\�� �R�I�� �F�R�Q�F�U�H�W�H�� ���)�L�J�V���� ���������� �6�S�H�F�L�I�L�F�D�O�O�\���� �W�K�H�� �I�R�O�O�R�Z�L�Q�J��
�T�X�H�V�W�L�R�Q�V���D�U�H���L�Q�Y�H�V�W�L�J�D�W�H�G����

�”�� �+�R�Z�� �G�R�� �F�R�Q�F�U�H�W�H�� �D�Q�G�� ���'���S�U�L�Q�W�H�G�� �V�D�Q�G�V�W�R�Q�H�� �L�Q�W�H�U�I�D�F�H�"�� �7�R�� �D�Q�V�Z�H�U�� �W�K�L�V�� �T�X�H�V�W�L�R�Q���� �W�K�H��
�I�D�E�U�L�F�D�W�L�R�Q�� �F�R�Q�V�W�U�D�L�Q�W�V�� �R�I�� ���'���S�U�L�Q�W�H�G�� �I�R�U�P�Z�R�U�N�� �D�Q�G�� �W�K�H�� �S�H�U�I�R�U�P�D�Q�F�H�� �D�Q�G�� �H�I�I�L�F�L�H�Q�F�\��
���I�X�Q�F�W�L�R�Q�D�O�����V�W�U�X�F�W�X�U�D�O�����P�D�W�H�U�L�D�O�����R�I���W�K�H���U�H�V�X�O�W�L�Q�J���O�R�D�G���E�H�D�U�L�Q�J���E�X�L�O�G�L�Q�J���F�R�P�S�R�Q�H�Q�W�V���D�U�H��
�L�Q�Y�H�V�W�L�J�D�W�H�G����

�”�� �:�K�D�W�� �L�V�� �W�K�H�� �L�P�S�D�F�W�� �R�I�� �W�K�L�V�� �Q�H�Z�� �I�D�E�U�L�F�D�W�L�R�Q�� �S�U�R�F�H�V�V�� �D�Q�G�� �J�H�R�P�H�W�U�L�F�� �I�U�H�H�G�R�P�� �R�Q�� �W�K�H��
�G�H�V�L�J�Q���R�I���D�U�F�K�L�W�H�F�W�X�U�D�O���F�R�P�S�R�Q�H�Q�W�V�"���&�D�Q���W�K�L�V���D�S�S�U�R�D�F�K���I�D�F�L�O�L�W�D�W�H���W�K�H���I�D�E�U�L�F�D�W�L�R�Q���R�I���I�X�O�O�\��
�L�Q�W�H�J�U�D�W�L�Y�H���E�X�L�O�G�L�Q�J���F�R�P�S�R�Q�H�Q�W�V���Z�L�W�K���U�H�G�X�F�H�G���P�D�W�H�U�L�D�O�"��

��

Figure 6. Prototype B: structural slab element with load-bearing capacity.  
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Figure 7. Detail of prototype A, showing the precise details of the finely ribbed substructure. 
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Figure 8. Tubular structures of prototype B. 
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Figure 9. Intricate network of channels with 
undercuts in prototype B. 
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Figure 10. Development of a lexicon of formal constraints from rheology studies. 
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Table 1. Experimentally determined load-bearing capacities of 3D printed sandstone. 
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Figure 11. Slicing a sample to investigate the quality of the casting process. 
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Figure 12. Post-processing of a 3D-printed sandstone formwork for prototype A. 
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Figure 13. Integration of an auxiliary bed of unconsolidated sand contained within a closed 3D-printed box under 

the prototype. 
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