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Optimizing Properties of 3D Printing Mortar Using

Response Surface Methodology
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Abstract: Response surface methodology(RSM) was used to analyze the influence of the setting regulating component

and viscosity regulating components on the buildability and setting time of 3D printing cementitious materials. The

results show that sulphoaluminate cement can effectively shorten the setting time of mortar as a setting regulating

component. Hydroxy propy methyl cellulose thickener and magnesium aluminum silicate as viscosity regulating

components can improve the thixotropy of mortar, but it will delay the setting of mortar. Using response surface

analysis method, linear model and quadratic model can be used to fit the buildability, open time and setting time of

mortar, respectively, and the model shows significant differences. After optimization through RSM, 3D printing

cementitious materials with adjustable setting time, good buildability and appropriate open time can be prepared.

Key words : 3D printing; cementitious material; buildability; open time; setting time; response surface
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Table 1 Performance indicators of cement

Normal consistency  Specific surface

Setting time/min

Compressive strength/MPa  Flexural strength/MPa

Cement .
<)/ 0 2,01
(by mass)/%  area/(m"kg™) e Final 1d 3d 1d 3d
OPC 28.0 354 230 314 30.6 5.4
SAC 23.8 432 17 25 37.1 45.0 6.5 6.9

R2 ERHIMEEIERR

Table 2 Performance indicators of SF

Silica content(by mass)/ % Water content(by mass)/ %

IL(by mass)/%

7 d activity index/ % Specific surface area/(m”+kg™")

95.5 0.1

2.17%

124 20 000

x3 ERBREHEELL

Table 3 Mix proportions of composite pastes

Mix proportion/g

Mix proportion/g

Group w/ % Group w/ %
OPC Admixture w OPC Admixture W
5.00 475.00 25.00 140. 00 OPC paste 0 500. 00 0 140. 00
10. 00 450. 00 50. 00 138.00 0.05 500. 00 0.25 140. 00
HPMC
15.00 425.00 75.00 136. 00 . 0.10 500. 00 0.50 145.00
SAC composite composite paste
. 20.00 400. 00 100. 00 135.00 0.20 500. 00 1.00 148. 00
paste
25.00 375.00 125.00 135. 00 0.30 500. 00 1. 50 145.00
MAS
30.00 350. 00 150. 00 137.00 . 0.60 500. 00 3.00 150. 00
composite paste
100. 00 0 500. 00 120. 00 1.00 500. 00 5.00 153. 00
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Table 4 RSM factor level design table

Level Wepe/ %6 wep/ %% Wypne/ %6 Wyas/ %6
Low 6.25 5.00 0. 05 0.25
High 18.75 15.00 0.15 0.75
—a 0 0 0 0
+a 25.00 20. 00 0. 20 1.00

WKL 0.33, BB Eb ok 1 1, 8l 45 8 B 0K 1l 45
TR R S TE 155~175 mm , B AR A0 B AT R4
BRI Bl 1k AR B
1.2.3 @3 2 ik

AN TR 58 N 5O 3D 4T B 3K 43 5l 45 Hh T A
4 20 B TR, RAOR UG L& A 3D AT EP A Rb IR L
A AR 3 oh B, — B 7E 155~175 mm. &% GB/T
2419—2005C 7K U 5 b I 2y B I 2 7 326 ) W 40 9
.
1.2.4  B0IR us M

SR FH 0 IV 5 B v R AE A0 S A 3 4 BT AN R
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Fig.1 Setting time of SAC composite pastes
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Fig. 2 Setting time of HPMC and MAS composite pastes
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Table 5 Results of RSM

Run No. Wepe/ %6 wep/ %% Wypne/ Yo Wyas/ %6 R/ % Ry1/min Ry;/min
1 6.25 15.00 0.05 0.25 52.9 84 115
2 12.50 10. 00 0.10 0. 50 56.3 85 103
3 18.75 15.00 0.05 0.75 238.5 55 63
4 12.50 10. 00 0.10 0. 50 81.0 71 84
5 12.50 20. 00 0. 10 0. 50 128.6 59 69
6 6.25 5.00 0.15 0.25 71.4 135 189
7 6.25 5.00 0.05 0.75 61.1 83 110
8 18.75 5.00 0.05 0.25 67.4 42 50
9 6.25 5.00 0.15 0.75 38.5 131 178

10 12. 50 10. 00 0. 20 0. 50 78.7 72 87
11 18.75 15.00 0.15 0.25 197. 3 42 48
12 12. 50 10. 00 0. 10 0. 00 100. 0 79 99
13 25.00 10. 00 0.10 0.50 191.7 32 36
14 12.50 10. 00 0 0.50 106.7 42 50
15 6.25 15. 00 0.15 0.25 86.7 110 144
16 18.75 15.00 0.05 0.25 263.3 28 32
17 12.50 10. 00 0.10 1.00 118.2 60 72
18 12.50 10. 00 0.10 0. 50 104. 2 56 67
19 12.50 10. 00 0.10 0. 50 100. 0 52 63
20 6.25 5.00 0.05 0.25 59.3 73 101
21 18.75 5.00 0.05 0.75 126. 2 40 47
22 18.75 5.00 0.15 0.25 124.2 44 50
23 12.50 10. 00 0.10 0. 50 114.3 60 72
24 12. 50 0 0. 10 0. 50 79.6 46 57
25 18.75 5.00 0.15 0.75 112.1 46 50
26 18.75 15. 00 0.15 0.75 292.0 38 40
27 12. 50 10. 00 0.10 0. 50 155.6 53 60
28 6.25 15. 00 0.15 0.75 120.7 102 133
29 6.25 15.00 0.05 0.75 52.0 89 125
30 0 10. 00 0. 10 0. 50 37.4 271 313
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Table 6 Analysis of variance results of linear model for R

of mortars

Source F-value p-value
Model 13.270 <20.000 1
A 37.650 <20.000 1
B 14.680 0.000 8
C 0.120 0.734 2
D 0. 640 0.4312
Lack of fit 1. 500 0.346 5

IR

W 2 A TR ZE 7K OFAE A7 A AL 36 05, 9 X3
I 25 SR EAT 1T LA, 45 310 45 (K2R X i 7 (B R 5%
i) [ U4 5 A
R.=113.86 + 49.45A + 30.88B + 2.77C + 6.45D

(D
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Fig. 3 Contour map of R of mortar
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SR RS AR 43 A 4 A TR 3R X 20 3R FF g s [] R
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Table 7 Analysis of variance results of the quadratic model for
R,; and Ry, of martar

Ror Rsr
Source
F-value p-value F-value p-value

Model 13.130  <€0.000 1 15.410  <€0.000 1
A 154.940  <<0.000 1 157.210  <C0.000 1
B 0.005 0.944 6 0.260 0.6152
C 9. 560 0.007 4 6.700 0.020 6
D 0 0.957 3 0.140 0.709 4
AB 0.010 0.906 0 0.320 0.5821
AC 2.960 0.106 1 5.690 0.0307
AD 0.370 0.554 5 0.070 0.7939
BC 1.210 0.2892 2.380 0.143 6
BD 0.330 0.5731 0.110 0.746 6
CD 1. 740 0.206 3 0.890 0.3611
A’ 7.800 0.013 6 36.770  <<0.000 1
B’ 1. 820 0.197 8 0.980 0.3385
c’ 0.890 0.360 4 0.420 0.528 5
D’ 0.490 0.4954 0.180 0.6800
Lack of fit 0.860 0.606 8 1.920 0.244 5

W 25 AR R 19 K OF (B 217 A AL S5 15, 43 51X
Ror Fl R 3X 2/ 07 AF 119 3356 245 SR 20 A7 [l A 0L 5 75
F1) 45 PR 2 X WA AL R o R 52 10 [ A 7 2 H
Ror=1000 X(1790 — 203.2A — 1.2B + 50.5C +

0.9D — 2.4AB — 34.4AC + 12.1AD —

22BC + 11.5BD — 26.4CD + 42.7A% —

20.6B? — 14.4C? + 10.7D?) (2)
Rer = 74.92 — 52.95A — 2.17B+ 10.93C — 1.6D +

2.91AB — 12.34AC + 1.38AD — 7.98BC +

1.7BD — 4.87CD -+ 23.95A* — 3.91B% —

2.55C? + 1.66D* (3)

FH e 7 38 AT UL, b i st ) A 4 s R
K 5 i PR 2 & SAC FHPMC 948 /8 (A F1 C).
£ SF A MAS i1, L SAC F1 HPMC i35 i 7%
i, VEAE(E L R 3D e iy ity v 1], 235 SR UL 1T 4. F 1] 4
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Fig.4 Contour maps and 3D response surface maps of R, and Ry of mortar
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Fig. 5 Multiple response values overlay of buildability, open time and setting time
*8 MEEMRULENRMABRAR
Table 8 Optimal solution after response surface optimization
wepe/ Y0 wg/ % Wypme/ Y0 Wyps/ V0 Ry /min R./% Ry;/min Desirability
20.00 15. 00 0.08 1.00 60 214 51 0.898
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