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Abstract ;: Based on the Box—Behnken response surface method, a three—factor, three—level test was designed us-
ing Design—Expert 8.0.6 software with 5%~15% ceramic powder, 10%~20% ordinary silicate cement and 5% -
15% quicklime as the factors considered to investigate the effects of each factor on the compressive strength and
softening of gypsum-based composite cementitious materials at 7 d and 28 d ages coefficients at 7 d and 28 d.
The effect of each factor on compressive strength and softening coefficient was analyzed by quadratic regression
fitted model ANOVA to determine the magnitude of the influence of each factor on admixture and the optimal
mix ratio. The results showed that the effects of ceramic powder and cement admixture on 7 d and 28 d com-
pressive strength were highly significant, followed by quicklime; the admixture of ceramic powder on softening
coefficient was significant, followed by quicklime, and cement was the most inferior. The optimal ratio is 10.88%
of ceramic powder, 15.51% of cement and 10.65% of quicklime, with a prediction error of no more than 10%
verified by the test. The research results provide a test basis for further optimization of the constructability, self—

warming and durability of gypsum—based composite cementitious materials.
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Tab.1 Chemical composition of the cement and the ceramic powder %

Material Si0, AlLO; Fe)0; MgO K,0 Na,O SO, Loss
Cement 21.23 5.67 4.60 58.78 4.20 0.72 0.06 3.26 2.81
Ceramic powder 62.18 22.72 1.26 0.65 1.44 0.96 0.07 3.26
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Tab.2 Response surface method test factor—level %
Level A B C
-1 5 10 5
0 10 15 10
1 15 20 15
R3 KREVHHESL
Tab.3 Mix ratio of the cemented material
Sample Al% B/% Cl% Gypsum/g  Cement/g  Ceramic powder/g  Quicklime/g  Water/g
1 10 15 10 1 463 338 225 225 2 250
2 5 15 5 1539 355 118 118 2 368
3 10 10 15 1 463 225 225 338 2 250
4 10 15 10 1 463 338 225 225 2 250
5 15 15 15 1393 321 321 321 2143
6 10 20 5 1 463 450 225 113 2 250
7 10 20 15 1393 429 214 321 2143
8 5 20 10 1 463 450 113 225 2 250
9 10 15 10 1 463 338 225 225 2 250
10 15 15 1 463 338 338 113 2 250
11 10 10 1539 237 237 118 2 368
12 5 10 10 1539 237 118 237 2 368
13 10 20 10 1393 429 321 214 2 143
14 5 15 15 1 463 338 113 338 2250
15 10 15 10 1 463 338 225 225 2 250
16 10 15 10 1 463 338 225 225 2 250
17 15 10 10 1 463 225 338 225 2250
F4 RRAFZHERREER
Tab.4 Test results of test block
Compressive strength/MPa Softening
Sample A B C .
7d 28 d coefficient
1 0 0 9.55 12.01 0.86
2 -1 -1 5.24 9.21 0.59
3 0 -1 7.70 10.77 0.79
4 0 0 9.65 12.20 0.87
5 1 8.01 11.60 0.69
6 0 -1 8.13 11.45 0.73
7 0 1 1 7.49 10.87 0.62
8 -1 1 7.86 10.55 0.68
9 0 0 9.50 12.36 0.87
10 0 -1 7.65 11 0.84
11 0 -1 -1 5.34 8.28 0.60
12 -1 -1 5.52 8.30 0.55
13 1 1 0 6.98 10.36 0.73
14 -1 0 1 7.20 10.88 0.79
15 0 0 9.70 12.27 0.88
16 0 0 9.60 12.55 0.89
17 -1 0 6.35 9.38 0.79
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Tab.5 Fitting model of the mechanical properties of gypsum-based composite cemented materials
Model Fitting the equation R* CVI% F P
1 Y ,==25.77+1.72A +2.28B+1.55C-0.0174 B-0.0164 C-0.03BC-0.0614>-0.056B>-0.042C> 0.961 9 5.84 19.61 0.000 4
2 Y,=—19.38+1.304 +2.37B+1.04C-0.0134 B-0.0114 C-0.031BC-0.0464>-0.0595°-0.019C> 0.983 0 2.48 44.96 <0.000 1
3 Y=0.87+0.064 +3.75x10~B+0.016C-0.047A4 B-0.094 C-0.075BC-0.0724°-0.11B>-0.075C*> 0.977 5 3.41 33.85 <0.000 1
Fx6 WMEEBRFTESN
Tab.6 Fitting model variance analysis
7d 28 d Softening coefficient
Source
F P F P F P
A-CA 50.660 0 0.000 2 82.270 0 < 0.000 1 36.870 0 0.000 5
B-PC 59.740 0 0.000 1 183.450 0 < 0.000 1 0.170 0 0.691 3
C-CAO 40.890 0 0.000 4 52.050 0 0.000 2 3.2200 0.1159
AB 3.590 0 0.100 0 5.610 0 0.049 7 13.750 0 0.007 6
AC 3.140 0 0.119 6 3.980 0 0.086 2 46.650 0 0.000 2
BC 11.050 0 0.012 7 32.780 0 0.000 7 34.280 0 0.000 6
A2 48.480 0 0.000 2 77.510 0 < 0.000 1 33.250 0 0.000 7
B2 40.020 0 0.000 4 128.360 0 < 0.000 1 84.090 0 < 0.000 1
c2 22.520 0 0.002 1 12.140 0 0.010 2 35.600 0 0.000 6
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Fig.1 The effect of two—factor interaction on compressive strength
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Fig.2 The effect of two—factor interaction on softening
coefficient
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