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Buildability of 3D Printed Concrete Structures at Various Nozzle

Speeds and Aspect Ratios
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In this study, an experimental study on the buildability of the structure using the developed printing materials and equipment
was performed. Experimental variables included the moving speed of nozzles(=80 and 10ommys), the revolutions per minute
(RPM) of screw in discharge buckets, and the aspect ratio(=1.67 and 5.00) reflecting wall length of the structures. Buildability
of the 3D printed concrete structures was analyzed based on the maximum decomposition layer and collapse patterns of
the structures according to the experimental variables. The nozzle movement speed of 8omm/s and the aspect ratio of 1.67
were favorable for 3D printing in this study. The collapse process of structure due to uneven layer decomposition was also
analyzed through the relative displacement measurement of the lower part of the structure during printing.
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(a) Gantry system

(b) Nozzle and screw for printing

Fig. 1. 3D printing system used
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(b) Structure 5

Fig. 2. Dimensions of printed structures



Table 1. Derails of structures

=50|54EQ HEH|of mE 3D

. . Nozzle ..
Str;(;ture Shape Dm(‘ll;lcnnil)ons Arzlt)i?t speed RPM of bucket screw Del::;;?:n C(:B;};se
) (mnv/s)
1 Rectangular 1500300 5.00 100 120 19 Buckling
2 Rectangular 1500300 5.00 80 120 49 Buckling
3 Rectangular 1500%300 5.00 80 120—130—140 12 Buckling
4 Rectangular 1500%300 5.00 80 140 29" Printing stopped
5 Rectangular 500%300 1.67 60 140 73 Over turning
Note: * Printing stopped without observing the collapse of the structure
4, AEzZinL U =M Of HIEZS O 44mmO|Ch S BT HYX|(batch)2] LatsilE
0185104 26~4957IA| HSoIACH HIEZE2 2f 45mm O]
41 tZ OJSAE U LbE HZ AJE S|F40| Q8 ATZIE 150IM 497K HEGHE S0t 8|S0 HSe 5
i L5 OjEAcol 258 tal f Aqs oy cimre BT AS LENCh 26l si310) Zaieg neie 1
Soist x 2 e ZgHoilMel zz ez YA | ST=ACHFg. 4)

i
>

N

rr ook
r

e

09!

0

10

o)
3
E
o H

Mo
0
Eﬂ

= =204
Immz SFYEUCH Vi FE22Q =5 0|55 EEE HA
ATRO| RPMS Table 10| LIEFARICE 181 2REQ| =& 0|54
F=100mm/s0|T, EESE W7l AT 29| RPME 120202 YN

>
=
n

oith 722 19| 2, 19571 HEoIUen, 45 2
=2 2f 44mmO|C, Fig, 30 LIEfH Bief Z
UM 220] YA | S2l=|Uct

Fig. 3. Collapse of structure 1

2H AXREO| Z 0|54 = 80mm/s0|, &
72 RPM2 12002 FFsict Bl 832 eA= Qlot 28 v
2 235|9] HiX|(batch)2 0|25t LX2S Z2IE5IQCt A

=
#HI B4 X|(batch) o H2IHEES 018010 1~255 71K HEsIA

(b) Collapse of structure 2

[5t5] =

I

Fig. 4. Printing process and collapse of structure 2
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Fig. 5. Printing process and collapse of structure 3
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Fig. 6. Printing process of structure 4
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Fig. 9. Measurement of layer displacement during printing

Fig. 10. Data image of measured displacement
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Table 2. Measured displacement(during 10 through 70 layers)

i Left wall Right wall Relative disPlacement
(mm) (mm) (=left-right)
1 9.10 6.62 +2.48
2 8.78 8.81 -0.03
3 9.35 8.71 +0.64
4 9.37 9.85 -0.48
5 8.59 8.86 -0.27
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