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Application of RSM-BD in the Optimization of Slag-Based Tailings Cemented Filling Material Ratio
SONG Xing"*, ZHANG Haiyun'*
(1.Changsha Institute of Mining Research Co., Ltd., Changsha, Hunan 410012, China;
2.National Engineering Research Center for Metal Mining, Changsha, Hunan 410012, China)

Abstract: In order to reduce the cost of filling mining, slag powder-cement was used as a composite cementitious material,
and the response surface method was used to obtain the optimal ratio of filling materials that could meet the strength
requirements of a mine filling body. Firstly, through the strength test of filling body with different cement-sand ratios (slag
powder-cement ¢ tailings) and the slump test with different slurry mass concentrations, the ranges of slag powder dosage and
slurry mass concentration were preliminarily determined. Then, based on RSM-BBD module, the strength regression model of
slag-based cemented filling body at different ages was established, and the influences of slag powder dosage, cement-sand ratio
and slurry mass concentration on the strength of cemented filling body were analyzed. The results show that the interactions of
slag powder dosage and slurry mass concentration, slag powder dosage and cement-sand ratio, cement-sand ratio and slurry
mass concentration have significant effects on the 3 d strength, 7 d strength and 28 d strength of the filling body, respectively.
Finally, combined with the engineering requirements. the best ratio of filling materials was recommended. Mine practice shows
that the use of slag-based cementitious materials instead of cement for mine filling can reduce the cost of filling cementitious
materials by 12%-13%.
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Table 1 Test results of main chemical components

of the unclassified tailings %
CaO MgO Al; Oy SiO, S
2.33 2.44 15.43 49.83 4.62

®2 EBWREAR

Table 2 Composition of tail sand particle size

Kifr/  BibbLe/ || kAR, Ribdie/ || R/ RIS/
pm % pm % pm %
—5 15.46 —50 68.87 —150 83.15
—10 37.25 — 76 73.88 —240 91.14
—20 54.72 —100 77.58 +586 100.00

2.2 BREEMR

I 8 K e R i VR S S e A4 kL, Herh, aK i
K P O42.5R BNV T MWK S5k,
SR R AL L SRS B /N ER S BIL ep AT A0 B L
2R <80 pm, LR HTFN 420~525 m® /kg, i 5"
WO I PR RN, BFEE 90 min J5 B0 FT R R AR
Sy A AR 3 Ak LR 4.
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Table 3 Particle size composition of slag powder

RLEE / pm ditk/ % He R AL/ (m? /kg)
3.12 2.71 —
5.21 10.52 —
9.86 28.30 —
21.20 56.75 —
31.10 73.23 —
45.60 89.27 —
76.00 99.91 498
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Table 4 Main components of slag powder %
Ca() Sl()_) Alg ()a Mg() FCZ ();
63.87 19.77 3.84 0.075 3.02
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Fig.1 Strength changes of filling body with

different slag dosages
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Table S5 Results of collapse test of slurry with

different mass concentrations cm
. ] I R/ %
Kbl BiH akelakatis
78 76 74 72 70 68
1:6 MEE 8.3 14.4  23.2 262 274 282
VEE 22 30 35 50 63 T

1:14 SRR 7.5 15.5 23.5 26.8 27.8  28.1
PRE 25 32 39 59 70 T
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Table 6 Values of 3 levels and 3 factors
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Table 7 Actual and predicted strengths of filling body
EES 3 d 3k /MPa 7 d 3R /MPa 28 d # £ /MPa
£ %) A/Y% B C/% S E oA {5 ‘jﬁﬁ S E Al ‘ AH T S P oA {H ‘ AE X
/ Vi i W/ % ya ys W/ % Vs yi W/ %
1 70 1:10 70 0.33 0.333 0.91 0.64 0.626 —2.19 1.52 1.491 —1.91
2 80 1:10 74 0.41 0.408 —0.49 0.78 0.794 1.79 1.88 1.909 1.54
3 75 1:10 72 0.41 0.432 5.37 0.79 0.836 5.82 1.96 2.072 5.71
4 70 1:6 72 0.64 0.636 —0.63 1.25 1.256 0.48 2.83 2.853 0.81
5 80 1:10 70 0.31 0.325 4.84 0.57 0.596 4.56 1.39 1.444 3.88
6 75 1:6 70 0.58 0.581 0.17 1.13 1.138 0.71 2.65 2.656 0.23
7 75 1:10 72 0.39 0.432 10.77 0.89 0.836 —6.07 2.08 2.072 —0.38
8 70 1:10 74 0.51 0.495 —2.94 0.98 0.954 —2.65 2.25 2.196 —2.40
9 75 1:10 72 0.43 0.432 0.47 0.82 0.836 1.95 2.12 2.072 —2.26
10 70 1:14 72 0.28 0.296 5.71 0.42 0.454 8.10 1.06 1.120 5.66
11 75 1:6 74 0.68 0.699 2.79 1.35 1.370 1.48 3.07 3.101 1.01
12 75 1:14 74 0.36 0.359 —0.28 0.67 0.663 —1.04 1.52 1.514 —0.39
13 75 1:10 72 0.46 0.432 —6.09 0.87 0.836 —3.91 2.03 2.072 2.07
14 75 1:14 70 0.25 0.231 —7.60 0.39 0.370 —5.13 0.82 0.789 —3.78
15 80 1:14 72 0.24 0.244 1.67 0.43 0.424 —1.40 0.98 0.958 —2.24
16 75 1:10 72 0.47 0.432 —8.09 0.81 0.836 3.21 2.17 2.072 —4.52
17 80 1:6 72 0.61 0.594 —2.62 1.13 1.096 —3.01 2.74 2.680 —2.19

y1=0.432—0.0237 5A+0.172 5B+0.061 25C+
0.002 5AB—0.02AC —0.002 5BC—0.033 5A*+
0.044B*—0.008 5C* (R*=0.978 8) (D)
v, =0.836—0.047 5A +0.368 75B+0.131 25C —
0.032 5AB—0.032 5AC —0.015BC —0.085 5A* +
0.057B*—0.008C* (R*=0.990 7) (2)
v3=2.072—0.083 75A +0.863 75B+0.292 5C —
0.002 5AB—0.06AC—0.07BC—0.212 25A*+
0.042 75B%*—0.099 75C* (R*=0.993 7) (3)
KHyye vy MRS R 2 3 d.7
d #1 28 d W5R . MPa,
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25T AR I 8,
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Table 8 Tesults of variance analysis of regression models

% F-Jr fil ¥or F 1A P4
3SABRERR  0.2867  0.0319  35.9430  4.8610E-05
7 ABRIER 1.2958  0.1440  82.986 3  2.8017E-06
28 dBREFALARL 6,987 5  0.776 4 123.642 3 7.0732E-07

F{HBE K P A8/, 32 W% ] )3 A Rk ) 2%
M P H>0.05 B, FoR iz MR RUR B 35 P (A<
0.05 B, /R iZ A A AR AY I 25, 4 P {H<C0.000 1
I AR B R A 2 RS R 8 T, 3 AN
T [ )RR F (B 43 5108 35.943 0,82.986 3,123.642 3,
P {53 %10 4.8610E-05,2.8017E-06,7.0732E-07, P
{H¥/NTF 0.000 1,3 B BT &7 B AS 7] % 191 56 F 3 4~
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Table 9 Evaluation of fitting accuracy of regression models

FEL TR R? Rig Riea ZBREH/ N FWL
3ABREERLE 0.978 8 0.9516 0.8819 6.876 9 20.473 1
7 dBREAIE 0.990 7 0.978 8  0.930 0 5.087 0 31.302 2
28 dIREALAL 0.9937 0.9857 0.953 9 4.073 5  38.049 7
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Fig.2 Comparison between tested strength and predicted strength of filling body
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Fig.3 The influence of single factor on the strength of filling material
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Fig.4 Response surface contour pots of the interaction between factor A and B
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