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Compressive Strength Characteristics of 3D Printing Concrete
in Low Temperature Environment
by Using Early Strength Improvement Type Additive
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Abstract The self-weight of the 3D printing concrete increases with increasing printing height.
Therefore, the lower layer must be hardened within a suitable time to secure continuous printing
performance. In particular, the hardening speed of concrete is slow in the winter season when the
temperature was low. Hence, the early strength of 3D printing concrete requires improvement. In
domestic and international literature, cases of increasing the early strength of concrete using inorganic
chemical additives, such as amine-based, nitrate-based, sodium-based, and calcium-based, have been
reported. In this study, early strength improvement-type additive samples (amine-based, nitrate-based,
sodium-based) were prepared, and their performance was evaluated. When using a nitrate-based
additive, the early strength was increased significantly in a 10 T environment. In addition, it was possible

to secure a higher early strength than the existing 3D printing concrete mixed at 20 C.
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Table 1. Experimental design of 3D printing concrete,

using  additive for  low-temperature
environment.
Experimental factors Experimental level
W/B(%) 1 - 280
S/a(%) 1 -+ 100.0
Unit quantity of
water 1 - 235
(kg/m)
Replacement Ratio of )
admixture(%/B) 1 FAQO)+SF(10)
Flow(mm) 1 - 140£10
- Amine(SP-1, SP-2)
Admixture| Type | 5 - Nitrate(SP-3)
for low - Sodium(SP-4, SP-5)
temperature | Amoun
environment t 1 - 1.0
(%/B)
Fresh concrete 2  Flow
- Temperature
Hardened concrete 1 - Compressive strength
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Table 2. Experimental design of 3D printing concrete

for optimization of  additive for
low-temperature environment
Experimental factors Experimental level
W/B(%) - 280
S/a(%) - 100.0
Unit quantity of water
-2
(kg/m) 3
Replacement Ratio of )
admixture(%/B) FA(20)+SF(10)
Flow(mm) - 140+10
Admixture Type - Nitrate(SP-3)
for low | Amoun - 1.0 2.0
temperature t
environment | (%/B) - 3.0 - 4.0
Fresh concrete  Flow
- Temperature
Hardened concrete - Compressive strength
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Table 3. Mix design of 3D printing concrete, using additive for low-temperature environment

Experimental W/B S/a Unit weight (kg/m) TK ACC AD
factors (%) (%) W B I FA SF S (%/B) (%/B) (%/B)
Plain - 2.00
SP-1 2.00
SP-2 2.00
28.0 100 235 840 588 168 84 936 0.1  E—
SP-3 1.0 2.00
SP-4 2.20
SP-5 2.15

Table 4. Mix design of 3D printing concrete for optimization of additive for low-temperature environment

Experimental W/B S/a Unit weight (kg/m) TK ACC AD
factors (%) (%) W B I FA SF S (%/B) (%/B) (%/B)
Plain_20T 2.00
Plain_10T 2.00
SP-3(1.0)_10T 1.0 2.00
— 28.0 100 235 840 588 168 84 936 0.1

SP-3(2.0)_10T 2.0 2.05
SP-3(3.0)_10T 3.0 2.05
SP-3(4.0)_10TC 4.0 2.10
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Table 5. Properties of materials

Material Properties
C Ordinary portland | Density : 3.15 kg/m’
cement Blaine : 3 350 cm’/g
Density : 2.20 kg/m>
FA Fly ash Blaine : 3 850 cm’/g
1 Density : 2.10 kg/m®
SF Silica fume Blaine : 200 000 cm?/g
s Density : 2.60 kg/m®
S Silica sand Size © 022 mm
X Cellulose based
K Thickener Density : 0.75 kg/m®
. Polycarboxylic acid based
AD Superplasticizer Specific gravity : 1.07+0.05

Table 6. Properties of additive for low-temperature

environment
Factors Type Density(kg/m’)
SP-1 1.15£0.05
Amine based ——m————
SP-2 1.12+0.05
ACC SP-3 Nitrate based 1.24+0.05
SP-4 1.16£0.05
Sodium based ——m
SP-5 1.21+0.05
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Fig. 1. Temperature of 3D printing concrete, using
additive for low-temperature environment
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2. Flow and dosage of superplasticizer of 3D
printing concrete, using additive for
low-temperature environment
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Table 7. Compressive strength of 3D printing concrete,

using  additive  for  low-temperature
environment
Experimenta Compressive strength(MPa)
faciors 1D 3D 7D 28D
Plain 0.7 273 52.2 61.8
SP-1 12 25.8 52.6 61.3
SP-2 2.4 27.9 50.6 60.0
SP-3 3.6 28.6 53.7 63.2
SP-4 0.9 26.0 50.1 60.5
SP-5 0.8 27.4 533 62.8
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Fig. 3. Compressive strength of 3D printing concrete,
using additive for low-temperature environment
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Fig. 4. Temperature of 3D printing concrete for
optimization of additive for low-temperature
environment
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Table 8. Compressive strength of 3D printing concrete for
optimization of additive for low-temperature

environment

Experimental Compressive strength(MPa)
factors 1D 3D 7D 28D
Plain_20T 5.2 35.0 58.1 62.9
Plain_10T 0.9 27.6 52.4 62.1
SP-3(1.0)_10T 3.8 28.4 52.2 61.0
SP-3(2.0)_10TC 5.9 289 52.9 62.1
SP-3(3.0)_10T 8.4 29.2 53.3 64.4
SP-3(4.0)_10T 11.9 32.0 54.7 65.8
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