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Abstract Since 3D printed concrete can be constructed without formwork, it is easy to construct an
atypical structure, and the construction time and labor cost can be reduced. However, since the
construction is exposed to the outside, shrinkage cracking due to moisture loss inside and outside the
concrete occurs. Therefore, in order to improve the durability of the 3D printed concrete, a shrinkage
reduction plan of the 3D printed concrete is required. In this study, glycol-based and alcohol-based
shrinkage reducing agents were fabricated and evaluated for their performance. The shrinkage reducing
agent samples showing excellent performance were selected and applied to 3D printed concrete. As a
result, the compressive strength was increased by more than 10% and the shrinkage was reduced by more
than 36% when using a shrinkage reducing agent. It is expected that the production of high quality 3D
printed concrete will be possible because it is possible to increase the compressive strength and reduce

the amount of dry shrinkage by applying a shrinkage reducing agent for 3D printed concrete.
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Table 1. Experimental design of concrete, using

shrinkage reducing materials

Experimental factors Experimental level
W/B(%) 1| - 494
S/a(%) 1]-500
Unit quantity of water
1168
(kg/ )
Replacement Ratio of .
admixture(%/B) 1 FAUS)
Slump(mm) 1 | - 180+£25
Air content(%) 1| -45%15
) Glycol (SP-1, SP-2, SP-3, SP-4)
Shrink Type 17 1. Alcohol (SP-5, SP-6, SP-7)
reducing A
materials mount .
ws | 1|10
Fresh concrete 2 | Slump - Air
- Compressive strength
Hardened concrete 2. Drying shrinkage length change

Table 2. Experimental design of 3D printing concrete,
using shrinkage reducing materials

Experimental factors Experimental level

W/B(%) 1]-280
S/a(%) 1 | - 100.0
Unit quantity of water
1|2
(1g/m) H

Replacement Ratio of

admixture(%/B) 1| - FARO®SK10)

Flow(mm) 1 |- 120+10
Air content(%) 1] -80+20
Glycol (SP-4)
Shrink Type 2. Alcohol (SP-7)
reducing
materials | Amount 11-10
(%/B)
Fresh concrete 2 | - Flow - Air
Hardened concrete 2] Compressive strength

- Drying shrinkage length change
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Table 3. Mix design of concrete, using shrinkage reducing materials

Experimental W/B S/a Unit weight (kg/m) SR AD
factors %) ©%) W B Ie FA cs Gos (%/B) (%/B)
Plain - 1.10
SP-1 1.00
SP-2 0.95
SP-3 1.10
494 50.0 168 340 289 51 899 895
SP-4 1.0 1.10
SP-5 1.05
SP-6 1.25
SP-7 1.10
Table 4. Mix design of 3D printing concrete, using shrinkage reducing materials
Experimental W/B S/a Unit weight (kg/m) TK SR AD
factors %) %) W B C FA SF S (%/B) (%/B) (%/B)
Plain - 2.00
SP-4 28.0 100.0 235 840 588 168 84 936 0.1 10 2.10
SP-7 ) 2.05
2.2 A= Table 5. Properties of materials
Table 5& ¥ @70] A9 A=o] B4 vehd il e
‘_ c Ordinary portland | Density : 3.15 kg/m’
7—]0]]:}‘ /‘]UﬂE“ _-'—}LH AA]’—’] \:h:ﬂ- 3 350 cm /g—J 1 cement Blaine : 3,350 cm?/g
2 HE TEGCE AHES ARSI, ZTfo|ofjr]= B BA Fly ash Density : 2.20 kg/m’
Blaine : 3,850 cm’/g
T 3 850 cm?/g2] FU| BARR] B J A&, A7t : 0
. Density : 2. g/m
E2 CAF EZE 200,000 cm?/g?] HEojopal A& SF Silica fume | gy et 200,000 cm?/s
2 ARSET ZAE QU ZIEE uiglolA] —;LIHAP Density : 2.62 kg/m’
CS Crushed sand Size : 5
% 2.62 g/cm3_’] /\’l___ X]“'L‘XHE. /\]"Q'O]' ize © 5 mm
Density : 2.60 kg/m’
o B BE 261 glen’ HAAEA 25 mmel u? s | siicasand | Deneit: 260 ke/m
L]'Vx‘l’ %XHE /‘]"8‘61'93\‘:]' gl 3D :‘—_i-‘:ﬂ%] %ﬂ‘ﬂi HH?:} Density : 2.61 kg/m’
_ Gos Coarse aggregate L
o A9l Fe A e o BBAR A Size 25 mm
= 193] Al 2J-0] Tl 30 . Cellulose based
= ]’o ]’ AL :H‘ ]'1_ ;{'LH D ]’«] =i 2.61 g/cm «] TK Thickener Density : 0.75 kg/m3
5 Qslarl 515F TalAl o] =% -
7‘2AF— /\]- 0]— E]— ‘Q’}g} E‘Q’}Zﬂ‘— E}\]-"] © dZﬂSL]— - AD Admixture Polycarboxylic acid based
HL— Z:]-_,_xﬂe A]—.Q:a}-ﬁ__l:-ﬂ ngﬂp,] 7&_?_ 3D &%Eél Specific gravity : 1.07+0.05

ZAE wigold ZAF HEl 0.1% 178 ARSI,
TS AAY A9 BE K54 SRS ) gt
ok AMFS AT
FEARAlE 2 EA 9=2E
SP-3 9 SP-4% AHAL, TEA YRS AHE3t]
SP-5, SP-6, SP-72 AAste] & 7F0] FE2AAAS
AMESHRIL, AAE $EAAA HE9] 5442 Table 6

Hlgko 2 Sp-1, SP-2,

o ek AL £ e 1.0% A,
AEE SEAAG O S A 2 A
H7h ek e A Agslch

Table 6. Properties of

shrinkage reducing agent

Factors Type Specific gravity
SP-1 1.03£0.05
S ) Glycol based 0.96£0.05
SP-3 0.88+0.05
SR SP-4 0.95+0.05
SP-5 0.81+0.05
SP-6 Alcohol based 0.78+0.05
SP-7 0.77+0.05
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Fig. 1. Air content of concrete using shrinkage

reducing agent
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Fig. 5. Air content of 3D printing concrete, using

shrinkage reducing agent
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