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Experimental Evaluation of the Effect of the Mixing Design Factors of the
Cementitious Composite for 3D Printer on the Printing Quality

Ji-Seok Seo', Yun-Yong Kim**

Abstract: In this paper, to evaluate the output quality of the cementitious composite mixture for printing with the ME method for construction 3D

printer, visual inspection of the output appearance and the dimensional error rate, compressive strength and flexural strength of the output were

measured. As a result of the test, the mixing design with excellent output appearance was P1-2, P1-4, P2-5, P2-6, and the mixing design with good
output appearance was PO-1, P1-1, P1-3, P1-6, P1-7 and P2-4. Of these mixing designs, PO-1 and P2-6 had the lowest dimensional error rates As
a result of evaluating the compressive strength and flexural strength of the various mixing designs, the Mixing design with excellent output designs

showed good mechnical properties. However, mixing designs with excellent mechanical properties does not necessarily have excellent output quality.

Therefore, in order to accurately evaluate the output quality, it is judged that visual inspection and dimensional error rate inspection should be performed

first, and then the mechanical characteristics should be reviewed.
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Table 1 Properties of binder for 3D printing

Density Specific surface area Compressive strength [I]

Item ,

[g/cu] [cm/g] 3days 7days 28days
OPC 3.15 3,459 19.24  26.75 55.00
FA 221 3,786 - - -

Table 2 Properties of admixture for 3D printing

Item Average particle size

EVCL 130 /m

Density
0.4~0.5 g/cm

Unit weight
103 kg/m’

Table 3 Fine aggregate and agent for 3D printing

Item Properties

Silica sand NO.7, Average particle size : 0.17~ 0.25 mm,
Fine Density : 2.6 g/cf

aggregate  Silica sand NO.8, Average particle size : 0.1~ 0.17 mm,
Density : 2.6 g/c

Thickener(Methyl cellulose), Type : Powder
Average particle size : ~ 600 ¢, pH : 7(Neutral)

Agent Air entraining, Density : 1.05 g/cm, Type : Liquid,
Solid contents : 38 %, pH : 7(Neutral)

Air draining, Type : Powder, pH : 10(alkalinity)
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Fig. 1 View of material extrusion type 3D printer

Table 4 Spec of material extrusion type 3D printer

Printing Printing Maximum Positioning
method scale printing speed accuracy
Material X : 40 micron
. 500x500%500 mm 150 mw/sec Y : 40 micron
Extrusion

Z : 12 micron
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Table 5 Mix designs of cementitious composite for 3D Printing

Mix. Silica Binder [wt. %] W/B SS/B Th/BY AE/B? AD/BY

no. Sand OPC FA EVCL [wt. %] [wt. %] [wt. %] [wt. %] [wt. %]
35.0 60.0 0.100 - -
40.0 82.0 0.100 - -
45.0 110.0 0.100 - -
45.0 100.0 0.100 - -
45.0 110.0 0.200 - -
45.0 110.0 0.230 - -
45.0 110.0 0.250 - -
45.0 110.0 0.250 0.500 -

85.5 10.0 4.5
45.0 110.0 0.250 - 0.050
50.0 130.0 0.100 - 0.100
45.0 110.0 0.250 - 0.050
45.0 110.0 0.275 - -
25 110.0 0.300 - -
No. 7

41.0 110.0 0.330 - -
40.0 100.0 0.300 - -
37.5 100.0 0.300 - -

DTh/B: Thickner/Binder, ?AE/B: Air Entraining/Binder, 9AD/B: Air Draining/Binder
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Table 6 Standard of 3D printing cementitious composite output quaility

Standard of 3D printing quality
Level Printing 01.1tput .Surfaf;e Shape Printability Symbol
continuity Integrity | retention
1 - - - or O X
O - - O
2 - O - O A
- - O O
O - O O
3 - O O O O
O O - O
4 O O O O ©
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Fig. 2 3D Printer output dimensional error measurement method

Table 7 3D printing condition of benchmark specimens

NOZZIG Printing Z-offset | Primary Layer Height
Diameter | speend e-step [mm] [mm]
[mm] | [mm/sec]
6.0 20~25 | 125~165 | -1.0 5.0
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Table 8 Evaluation of 3D printing cementitious composite output quaility

Standard of 3D printing quality

Mixing o Level
designs Printing output| Surface | Shape

oo . . .| Printability
continuity | integrity | retention

PO-1 O -
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P0-2
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00 00"
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O 1
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ArlrhliLiNim miwiimipA W MW IDINIW

00
0000

P2-6

(n) P2-4

(d) P1-1

(o) P2-5

Fig. 4 Output results of cementitious composite according to each mixing design
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Fig. 5 Results of dimensional error rate
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