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ABSTRACT: 3D concrete printing technology builds structural components layer-by-layer with concrete extruded through a nozzle without
using forms. This technology can simplify construction processes by optimizing design flexibility, construction time, and cost. Furthermore,
the 3D printing technology is easy to make an irregularly shaped and function embedded building(or object) which is difficult to be
constructed by conventional construction method. However, the 3D printing concrete is not suitable for current commercial standard and
the material itself. It is also difficult to apply it to the construction site due to the lack of initial strength and the nozzle which is clogged
during the process. The research of mix proportion design process for 3D printing concrete which differs from the conventional concrete is
necessary in order to solve the problems. This paper aims to calculate the 3D printing concrete mix proportion design process based on the
mix materials and performance information derived from the previous researches. Therefore, the usage variation range, mutual influence
relationship, and the importance priority of the mix proportion are analyzed. Based on this results, the basic design process of 3D printing
concrete which contains planning design phase, basic design phase and validating performance phase is suggested. We anticipate to
confirm applicability verification about the actual production by referring to this 3D printing concrete mix proportion study. In the future,
this study can be utilized for blueprint of the 3D printing concrete mix proportion.
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Table 1. Research cases of 3d printing concrete

No. Titel Country

A | Mixdesign and fresh properties for high-performance printing concrete UK

B A study on the development of an automated freeform fabrication Korea

system and construction materials
Concrete composition for 3d printing, concrete and manufacturing
C o Korea
method of the concrete using it
D Experimental study on the mix design and performance of 3d printing China
concrete

E Construction concrete mix design for 3d printing China
F 3D concrete printing: machine and mix design America
G Multidisciplinary design project mega scale 3d printing UK

H Preparation and application of 3d printing materials in construction China

| Mortar composition for 3d printing, mortar and manufacturing method Korea
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Table 2. Results of domestic and international 3d printing concrete previous researches
Aggregate " ’ Fiber |Nozzle| FS cs IST | FST | OT ER PS
128 (LG S (mm) Sahs ST (kg/m?)| (mm) | (MPa) | (MPa) | (min) | (min) | (min) | (m#h) |(mVmin)
150%8 FA SF Superplasticizer Retarder
A 026 | 70%B 12 110 - - 100 | 0.036 -
’ <2 20%B | 10%B 1%B 0.5%B
. Thickening .
o FA SF Superplasticizer Resin
B 035 | 71%B '16(;0: agent 12 15 527 60 - 6
‘ 21%B | 8%B 2%B 1%B 1%B
o BS Admixture Microbial soup
C 071 | 70%B 382%8 58 - 66 |27.35 - - - - -
<5 30%B 47%B 235%B
515%B BS Admixture Microbial soup
D 1 71.5%B 73 - 7.1 | 3342 - - - - -
<15 285%B 4.6%B 30.8%B
9 Superplasticizer | Accelerator |  Retarder R
E 032 | 100%B 100%8 - per 9 782 336 532 50 | 0.060 2
<3 0.5%B 1%8B 0.3%
439%B Superplasticizer Accelerator
F 043 | 100%B - 26 - - - - - - -
? <5 2%B 3%B
9 Superplasticizer | Accelerator | Retarder
G 0.39 | 100%B 192%8 - per 20 42 70 - 0324 | 11.26
<2 0.8%B 0.8%B 0.5%B
150%B FA SF Superplasticizer Retarder
H1 | 026 | 70%B 12 - - - - - - 0324 | 066
? <2 20%B | 10%B 1%B 0.5%B
o FA SF Superplasticizer Retarder
H2 | 035 | 70%B 150%8 per 12 - - - - - - 2420 | 228
<2 20%B 10%B 1%B 0.3%B
100%B BS Superplasticizer | Accelerator |  Retarder
1 035 | 80%B 58.3 58 122 - - -
T <085 20%B 0.1%B 01%B | 05%B
o BS Superplasticizer | Accelerator | Retarder
12 035 | 80%B 100%8 pew - - - 62.3 75 90 - - -
<085 20%B 0.1%B 0.06%B 0.6%B

Abbreviation: W/B: Water/Binder; C: Cement; IST: Initial Setting Time; CS: Compressive Strength; B: Binder; FA: Fly Ash; BS: Blast Furnace Slag; SF: Silica Fume; FS: Flexure Strength; FST: Final Setting
Time; OT: Open Time; ER: Extruded Rate; PS: Print Speed; 1/2: Two different results shown in the same experiment
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Table 3. The influence factors of the 3d printing concrete performance

Additive Admixture :
Category (W/B| C | AG Fiber
FA | BS | SF | SU | RE | AC | TH

Fowabiity @ | O | X |O | O |0 | @ | X |0O|0O|0O

Extrudabilityy O | O | @ | X | X | X | @ | X | X | O|O

Adhesive

propertyD.XD.Dxxx..

Settingtme| @ | O | X | O | O | @ |0 | @ | @ | X | X

Compressive

o | ® |0 @@/ D0/ @ x O @ X ®

O:nomal X :low

Abbreviation: AG: Aggregate; TH: Thickening Agent; BS: Blast Furnace Slag; FA: Fly Ash; AC:
Accelerator; SF: Silica Fume; SU: Superplasticizer; RE: Retarder; C: Cement

Influence Degree @ : high
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Figure 1. Relationship between compressive strength
and water to binder ratio
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Figure 7. Mix proportion design of 3d printing concrete
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