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Mix Design Process for Securing Extrudability of Concrete Containing Coarse

Aggregates for 3D Printing

Yoon Jung Lee', Sun-Jin Han?, Sang-Hoon Lee', SuMin Yoon®, Kang Su Kim™

Abstract: Mortar has been applied in most previous studies on 3D conctete printing. In such cases, however, the economic efficient cannot help decreasing
due to higher binder contents and larger amount of fine aggregates. In order to enhance the applicability of 3D printing technology to construction
industry, therefore, 3D concrete printing technology utilizing coarse aggregates needs to be developed further. This study aims at proposing the mix

design process of concrete containing coarse aggregates for 3D printing. Based on extensive literature review and experimental studies, the mix
proportion suitable for 3D printing has been derived, and the extrudability of concrete with coarse aggregates has been verified through 3D printing
tests. The primary variable of the extrudability tests was the contents of viscosity modifying agent (VMA), and the extrudability was quantitatively
evaluated by measuring dimensions, distribution of aggregates, and surface quality of 3D-printed filaments. The test results showed that the dimensional

suitability and surface quality were improved as the VMA contents were larger, and the coarse aggregates were evenly distributed in the section of
filament regardless of the VMA contents. Based on the test results, the mix design process for concrete containing coarse aggregates for 3D printing

has been proposed.
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Fig. 1 Collected mix proportions containing coarse aggregate
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Table 1 Mixing test variables

SP VMA
Fly Coarse Fine Water (SP to (VMA
ash agg. agg. binder to water
ratio)  ratio)

Specimen Cement

S0.6-V1.5 0.6 %
S1-V1.5 1.0%
S$2-V1.5 20% 15%
1.00 025 034 153 040
S$3-V1.5 3.0%
S4-V1.5 4.0 %
S3-V3 30% 3.0%
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Fig. 2 Measured slump and slump flow
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Table 2 Dimensions of 3D-printed specimens
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Specimen Width ((I;fril)lament A(\:iﬁfe Standard deviation Height(gl;ﬁ)lament A(\I/;rrz)ge Standard deviation Area(;ﬁ;g)c tion
182.00 20.92
S3-V1.5 183.00 184.67 3.09 24.93 22.47 0.56 4,149.53
189.00 21.56
88.24 25.38
S3-V3 89.75 88.68 0.76 26.10 25.05 0.84 2,221.43
88.06 23.68
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Table 3 Results of 2, for printed specimen

Table 4 Results of aggregate distribution

Specimen R .. Average R, .
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322
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S3-V3 1.46 1.05

0.85
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Total filament area

Average ..
& deviation

S3-V1.5

0.17
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0.24 0.05
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0.19
0.27
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0.23 0.03
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Fig. 7 Evaluation of filament surface quality
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Fig. 8 Proposed process of mix design for 3DCP with coarse aggregate
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