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Slurry Based on BBD Response Surface Method
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Abstract: In view of the mixed aggregate filling mine,in order to determine the optimum proportion of filling
slurry, firstly,the physicochemical properties of filling materials were analyzed. Based on the theory of Talbol
grading and the theory of maximum bulk density, the ratio of rod grinding sand and waste rock was determined. 13
groups of tests were designed with BBD response surface method (RSM-BBD) to analyze the effects of slurry mass
fraction, cement —aggregate ratio and mixture aggregate ratio on the strength of filling body. Finally,the response

surface model was constructed with the intensity of each age as the response value to study the correlation between
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each response parameter and the target response as well as the optimal ratio of the filling slurry under multi —
objective conditions. The results show that the strength of the filling body is affected by single factors, and the
interaction between the various factors has a great influence on the filling body. The interaction between the mass
fraction and aggregate ratio plays a decisive role in the early strength of the filling body. The interaction between the
cement—aggregate ratio and aggregate ratio has a significant effect on the medium strength of the filling body. The
late strength of the backfill is greatly affected by the interaction of the mass fraction and cement-aggregate ratio. The
optimization is based on the lowest unit filling cost, and the optimal ratio is as follow: slurry mass fraction is 80%,

cement—aggregate is 1 : 6,the ratio of rod grinding sand and waste rock is 3 : 7,and the test is verified to meet

Jinchuan Mine strength requirements.

Key words:mining engineering; BBD response surface method (RSM —-BBD );slurry ratio;aggregates;

compressive strength ; interactions affection ; multi-objective constrained optimization ; costs
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Fig. Characteristics curve negative cumulative distribution

of rod mill sand and waste rock particles
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Fig.2 Compactness curve of mixed aggregate for

rod mill sand and waste rock
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Tab.3 Factors and levels of response variables
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Tab.4 Design and results of response surface analysis

. &L 1B 55 /M Pa TG B/ MPa

X, X, X; Y, Y, Y Yooy, v
1 0 1 1 1.64 3.17 590 1.54 328 5.88
2 0 0 0 176 343 569 1.76 343 5.71
3 -1 1 0 1.62 3.80 521 1.68 383 526
4 0 -1 1 1.06 227 416 1.07 214 3.85
5 1 1 0 209 521 839 206 494 8.10
6 0 1 -1 183 370 6.03 1.81 382 6.28
7 -1 -1 0 083 198 375 0.89 203 4.01
8 1 0 -1 179 3.61 563 1.87 380 5.67
9 1 -1 0 1.73 340 4.69 1.71 328 454
10 -1 0 -1 1.63 3.01 496 156 288 4.87
11 0 -1 -1 075 191 352 078 181 3.61
12 -1 0 1 1.51 296 432 143 278 427
13 1 0 1 1.75 358 556 1.82 3.78 593

Y, =86.24-291.01X,+192.71X,+21.26X 3+
196.87X7-208.0X5-16.88X3-97.55X X »+
10X, X5-27.81X,X; (R*=0.961) (4)



P

%6

IS : 25T RSM-BBD AR & B R SESEORER B L AL fl

51

Y, =504.32-1 375.77X,+106.01X, + 76.77X; +
868.75X71-207.16X5-48.75X5+45.69X X+

2.5X,X5-53.06X,X; (R’=0.953) (5)
Y;=111.65-230.80X,—-416.30X+33.12X 3+

43.75X1-265.71X3-59X3+727.61X X+

71.25X X5-38.06X,X; (R*=0.963) (6)

2.3 Mo Ry B 3B A] S 4 A

DR T 6 U T e A S Y R RS R A ]
FE, 5 B AT 22000, SR ANk 5 B, wl LA
BB F AR T Fes(3,9)=3.86, 3 HAH

R P<0.005, M| 3% W 45 B0 o] I R S 4 28 5 A G R A
R* 735124 0.961.0.953.0.963 , 25353 1,43 5L 3 d.
7 .28 d i BE U0 (AN TN R 2 (] ) A R 2 22
(o, y, 2 ) BCSE, QE 3 g/ NER IR, R A
RZEBUS TR EAY , AR 22 +8% M 5
FRAS 2115 22 fo /i L, an e b B S i s, 1T W45
ST B S I TE AR IR 25 SR VB Y, OF BAS IR R
R X6 (R TN L ) 4 oS- 27152 22 43 31 K 3.36%
3.92%.3.06% , 7% WA BRI A RO 47, AT SEMER .

R 5 MR EFRB T E S

Tab.5 Analysis of variance with the regression model of different response surfaces
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Fig.3 Three dimensional error diagram

of response surface model
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Fig.5 Effect of interaction between response surface factors

on strength of backfill
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