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Fundamental Properties of 3D Printing Mortar According to
Temperature Conditions
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Abstract The rheological properties of a fresh mortar and the strength characteristics of a hardened
mortar in 3D printing change a lot with the temperature. In a low-temperature environment, the
hardening speed of the mortar is slowed, lowering the early strength. In an environment of high
temperature, the hydration reaction of the mortar is accelerated, reducing the workability. In this study,
the characteristics of a 3D printing mortar manufactured at both low and high temperatures were
evaluated concerning a 20°C environment. The early strength of the mortar in the low-temperature
environment was found to be about 17% of that of the 20°C environments. Accordingly, when 2% of the
additive was used to improve the early strength, it equated to that of a 20C environment. On the other
hand, in the high-temperature environment of 30C, the slump loss of mortar progressed twice as fast
as that of the 20C environments. Accordingly, while using a high-retention type water reducing agent,
it was possible to achieve in a 30Cenvironment a maintenance performance that is similar to that of

the 20T environment.
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Table 1. Experimental design of 3D printing mortar
according to temperature conditions

Experimental factors

Experimental level

W/B(%) - 28.0
Unit quantity of water
-2
(ig/m) 3
Replacement ratio of )
admixture(%/C) FAQ20)+SF(10)
Water reducing - Basic
agent type
Experimental ) ) )
temperature(C) 10 20 30
Target flow(mm) - 140+10
Fresh mortar " Flow
- Temperature

Hardened mortar

- Compressive strength

Table 2. Experimental design of 3D printing mortar
according to low-temperature condition

Experimental factors

Experimental level

W/B(%) - 28.0
Unit quantity of water
-2
(1g/m) 3
Replacement ratio of .
admixture(%/C) FAQO)+SF(10)
Water reducing . Basic
agent type
Additive for Type - Nitrate
low
-0 - 1.0 - 2.0
temperature Ar?ount
environment (%/B) 3.0
Experimental
o - 10
temperature(C)
Target flow(mm) - 140£10
Fresh mortar  Flow
- Temperature

Hardened mortar

- Compressive strength

Table 3. Experimental design of 3D printing mortar
according to high-temperature condition

Experimental factors

Experimental level

W/B(%) - 28.0
Unit quantity of water
<2
(1g/m) »
Replacement ratio of )
admixture(%/C) FAOM+SF(10)
Water reducing - Basic(1)
agent type - High-retention(3)
Experimental .30
temperature(C)
Target flow(mm) - 140£10
Fresh mortar  Flow
- Temperature

Hardened mortar

- Compressive strength
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Table 4. Mix design of 3D printing mortar according to temperature conditions
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Experimental W/B Unit weight (kg/n) TK ACC AD
factors (%) W B C FA SF S (%/B) (%/B) (%/B)
20 T 2.00
10T 28.0 235 840 588 168 84 936 0.1 - 2.00
30 C 2.00
Table 5. Mix design of 3D printing mortar according to low-temperature condition
Experimental W/B Unit weight (kg/m) TK ACC AD
factors (%) W B C FA SF S (%/B) (%/B) (%/B)
Plain - 2.00
CW_1.0 1.0 2.00
28.0 235 840 588 168 84 936 0.1
CW_2.0 2.0 2.00
CW_3.0 3.0 2.05
Table 6. Mix design of 3D printing mortar according to high-temperature condition
Experimental W/B Unit weight (kg/m) TK ACC AD
factors %) W B C FA SF S (%/B) (%/B) (%/B)
Plain 2.00
HW-1 2.00
28.0 235 840 588 168 84 936 0.1 -
HW-2 2.10
HW-3 2.05
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Table 7. Properties of materials

Material Properties
C Ordinary portland | Density : 3.15 kg/m3
cement Blaine : 3 350 cm2/g
Density : 2.20 kg/m3
FA Fly ash Blaine : 3 850 cm2/g
e Density : 2.10 kg/m3
SF Silica fume Blaine : 200 000 cm2/g
1 Density : 2.60 kg/m3
S Silica sand Size © 0.22 mm
. Cellulose based
TK Thickener Density : 0.75 kg/m3
L Polycarboxylic acid based
AD Superplasticizer Specific gravity : 1.10+£0.05
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Table 8. Temperature of 3D printing mortar by
temperature conditions

Experimental Temperature(C)
factors 0 min 60 min 120 min 180 min
20 € 20.5 20.5 20.4 20.5
10 T 10.5 10.3 10.2 10.1
30 € 30.5 30.5 30.6 30.7
180
—=—20°C
170 L e 10T
—A—30C
160 |-
__150 |-
£ [
£ o e
S0 ~ . .-
o — °
Y130 - o=
A u
120 |- )
110 - A
100 L1 . L L
0 60 120 180
Time(min)

Fig. 1. Flow of 3D printing mortar by temperature

conditions
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Fig. 2. Compressive strength of 3D printing mortar
by temperature conditions
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Table 9. Temperature of 3D printing mortar by
low-temperature condition

Experimental Temperature(T)
factors 0 min 60 min 120 min | 180 min
Plain 10.5 10.4 10.2 10.1
CW_1.0 10.4 10.4 10.3 1.01
CW_2.0 10.5 10.4 10.4 10.3
CW_3.0 10.5 10.4 10.5 10.4
180
= Plain(20C)
170 | = Plain(10C)
A
v
160 |- b
150 [
E — -
9] B N )
o —u 5
130 - o
|
120
110
100 1 1 1 1
0 60 120 180

Time(min)

Fig. 3. Flow of 3D printing mortar by low-temperature
condition
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Fig. 4. Compressive strength of 3D printing mortar
by low-temperature condition
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Table 10. Temperature of 3D printing mortar by
high-temperature condition

Experimental Temperature(C)
factors 0 min 60 min 120 min | 180 min
Plain 30.3 30.4 30.5 30.7
HW-1 30.4 30.4 30.5 30.6
HW-2 30.4 30.4 30.3 30.4
HW-3 30.4 30.3 30.4 30.5
180
—=— Plain(20C)
ok = Plain(30C)
A HW-1(30C)
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Fig. 5. Flow of 3D printing mortar by high-temperature
condition
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Fig. 6. Compressive strength of 3D printing mortar
by high-temperature condition
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