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Manufacture and Mechanical Properties of 3D Printing Cement Based
Materials For Washable Formwork

SUN Xiaoyan'®, CHEN Jingruan'*, WANG hailong"*", ZHANG Jing"*

(1. Department of Architecture Engineering, Zhejiang University, Hangzhou 310058, China;
2. Shanxi Institute of new materials and chemical industry, Zhejiang University, Taiyuan 030024, China)

Abstract: For the 3D printing requirements of complicated concrete structure components, the technology of
combining washable formwork with existing conventional 3D printing concrete was proposed to realize spatial
structure modeling, and the design process of washable formwork was optimized based on 3D printing cement based
washable formwork performance tetrahedron model and analytic hierarchy process. By studying the influence of super
absorbent polymer (SAP) and kaolin content in magnesium oxysulfide cement on the mechanical properties,
printability, constructability and wash-ability of cement based materials, a 3D printing washable formwork of
magnesium oxysulfide cement with good fluidity, printability and stable constructability was designed. Digital image
correlation(DIC) method was used to dynamically monitor the time dependent deformation of washable formwork
layer after printing. The time dependant deformation logarithmic model was established, which could provide technical
reference for 3D printing concrete complex spatial construction.
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Fig.1 Performance tetrahedron model of 3D printing cement based materials for washable formwork
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Fig.2 Optimization analysis of 3D printing washable formwork
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Table 1 Mix proportion design scheme

No. Wepp/ Y6 wy/ % my/my,
A-1 10 0 0. 36
A-2 20 0 0.47
A-3 30 0 0.56
A-4 40 0 0.67
B-1 10 0 0.77
B-2 10 10 0. 80
B-3 10 20 0. 80
B4 10 30 0.83
C-1 5 30 0.48
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(a) Manual printing equipment(size: mm)

(b) Printability
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(c) Constructability
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Fig.3 3D printing equipment and buildability test
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Fig.4 Time dependent deformation monitored by digital
image correlation(DIC) method
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Fig.5 Influence of SAP content on 3 d strength of
cement based materials
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Fig. 6 Influence of kaolin content on 1 d strength of
cement based materials
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Fig. 7 Effect of kaolin content on printability, constructability and washability of cement based materials
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Table 2 Performance of washable templates after optimization

Mechanical strength/MPa

Constructability

Compressive Flexural Setting time/min  Fluidity/mm  Printability/cm Stacking stable Deformation of single
14 34 14 34 height/mm stacked strip/ %
2.7 9.0 0.8 2.3 117 =125 44.7 1.2
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