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Table 1 Analysis results of chemical components of test materials

Mass fraction/%

Materials
CaO SiO, AL O, MgO  TiO, SO; Fe,04 MnO P,0s LOI Other
GGBFS 40.99 32.02 10.19 9.33 2.82 1.82 1.31 0.24 0.01 - 1.27
DSG 4451 5.68 1.48 4.06 0.10 4145 1.91 0.02 0.05 - 0.74
Clinker 66.30 22.50 4.86 0.83 - 0.31 3.43 - - 0.96 0.81
FA 3.13 38.38 19.57 0.82 - 0.62 - - - 1.82 35.66
Tailings 3.86 36.3 3.39 28.2 0.2 - 10.18 - - - 17.87

LOI—Loss of ignition
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Fig. 1 Characteristics distribution curves of particle size of

tailings and Gobi aggregates: (a) Tailings; (b) Gobi aggregates
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Fig.2 Microscopic morphologies of GGBFS
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Table 2 Orthogonal test results of strength of composite cementitious material filling body

Compressive strength/MPa

Test FA/% Clinker/% DSG/% GGBFS/%

7d 28d
Al 10 8 10 72 221 4.05
A2 10 8 12 70 2.19 3.75
A3 10 8 14 68 2.51 4.45
A4 10 10 10 70 2.02 3.35
A5 10 10 12 68 2.03 3.75
A6 10 10 14 66 2.62 4.15
A7 10 12 10 68 1.60 2.80
A8 10 12 12 66 2.01 3.35
A9 10 12 14 64 2.13 3.20

R 3 HEOMERE T AR FE I AT 0 22 7 4 R

Table 3 Range analysis results of orthogonal test on strength of composite cementitious material filling body

Parameter Clinker/% DSG/% Factor Clinker/% DSG/%
2.303 1.943 8 10
7d 2.223 2.077 Level 10 12
1.913 2.420 12 14
Range 0.39 0.48
Optimal formula 8 14
Relative weight 1 1.2
4.08 3.40 8 10
28d 3.75 3.62 Level 10 12
3.12 3.93 12 14
Range 0.97 0.53
Optimal formula 8 14
Relative weight 1.83 1
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Fig. 3 XRD patterns of hydration products of composite

cementitious material
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Fig. 4 SEM images of hydration products of composite

cementitious material: (a) 7 d; (b) 28 d
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Table 4 Test results of mixing aggregate filling slurry

Compressive

Test CSR MC/ strength/MPa BR/  Slump/

" 7d 28d % o
Bl 74 2.75 5.43 7.25 22.6
B2 1:4 76 3.14 6.30 6.41 22.2
B3 78 3.17 6.90 5.23 21.3
B4 74 1.50 2.81 7.86 23.6
B5 1:6 76 1.51 3.52 6.43 233
B6 78 1.79 4.66 5.36 22.7
B7 74 0.63 1.35 7.98 243
B8 1:8 76 0.91 2.21 6.47 23.5
B9 78 1.04 2.66 5.65 22.9

322 I HHT

MRAEFR 4 35045 F o D LRI 56 25 Tl A
sz, W 5~8 Fio. MREPLL A 1:4 B, SRERD—
RWRAERIRETIEAE 7 d THPUERER 3.02
MPa, 28 d FIPiEHE R 6.21 MPa, 3l 24 11X}
FESEARSR R . I 5 M6 AN, BEAERRD LLIRAD,
I 8 7o AR G B 1) PR FRAE RS K . MR LU PR 2
1:6 I, JR&E5AK 7 d 5REAUN 1.47 MPa, HHILFRS T
51%; JR4514 28 d SRJEFEMKE] 3.66 MPa, [ T 41%.
HH I 7 mT, SRR UK 2 (BR) 5 BRI FE 1 34
KB, BUiRPEE 1:4 TS, RERIKREE N 74%3 0
K 78%, WIKFKIEK T 40%; Bl K R EEE RIS
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Table 5 Eigen value of filling slurry ratio schemes

Index R;4/MPa Ry,3¢/MPa BR/%  Slump/cm  Cost

Weight  0.15 0.15 0.05 0.1 0.55
P1 275 5.43 7.25 22.6 132
P2 3.14 6.30 6.41 22.2 136
P3 3.17 6.90 5.23 21.3 139
P4 1.50 2.81 7.86 23.6 98
P5 1.51 3.52 6.43 233 100
P6 1.79 4.66 5.36 22.7 103

TR T RS . T2 B bSBO 45 AT AT
PRIGACE w X TR R LA Ss SR 522, SR 2
Yo, S56 TRESCBRIGM, #iw 7adiik 7 d 58
BE wis 28 d BREE wys WAKER wyy BRTEFE wy FIFEIARK,
A ws (IALE 3 B8 015+ 0.15. 0.05. 0.1 A1 0.55,
MRAE K 3 732 B bRRFAE(EAERE X QR
275 3.4 3.17 150 1.51 1.79
543 630 690 281 3.52 4.66
X, =|725 641 523 7.86 643 536
226 222 213 23.6 233 227
132 136 139 98.0 100 103

Horb 7 d R0 28 d SR JE TEROCRL AL, IR
JE TR INERAR Y, A /K ST T4 P MR iR 6 45 SR b T
VRN, 4t i X (D)~G)0 B ARRAEE AT
H— AL AL ERAF 2 H FRAR R R FE R R:

075 098 1 0 0.01 0.17
064 085 1 0 0.17 045
Ros=|023 055 1 0 054 095
043 061 1 0 0.13 039
0.17 007 0 1 095 0.88

AU [ & w=[0.15 0.15 0.05 0.1 0.557",
P AR (@) TH S AT R BB, RN
u~[0.1304 0.1423 0.1597 0.8403 0.8554 0.8889].

MRYETHE A R TT A J7 R 6 MXTLEE N 0.8889,
BRI E A RER L, APLL 1:6, FTEIKEE 78%H]
SRR B AR, B AR LR A PRI AL
Ji % FHUAE LA TIRE RS, WK 9 FoR, WK
AR T RIRAEER, MR2HP 7 d#®E. 28 d
SRIE . WKEZEFIIRVEFE 40N 1.76 MPa. 4.82 MPa,
5.98%7F1 23.2 cm, FRIAASRAEL . RHERASE PEAURHR IR
BRI R I EE K

B9 WAZK IR T FE B AR
Fig. 9
(a) Bleeding rate; (b) Slump

Verification tests of bleeding rate and slump:

1) R X SRt 1 S50 (XRF) 2 ik 56 44 )
B R, E BRI A BT VS ok it R4 M=
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TR M,=0.318>0.3, & TR miGtEn #; LA
TR IR B KL o

2) b xof [ PR B IR AT S A B AT R RS, AR
I8 R AT BRI AR 22 73 W 25 SRR A9 B G RS MR AL T
T RRHEIR 10% 2kl 8% MUBRAE 14%. M
K 68%, FHER i 10 50 UF 6 A2 1L X 78 T A e R (1) L
Ko

3) WAL SEM &A%, B IR
PRGN, KA S ABIEAT, WA )
MRS, EE S 5 RN, Kk 7 d
RE B 20D EEHR YR AR, 28 d S A RIS AL
FAWA R, &EEREEN, SR RENEE, K
M BT 5 B 2 3K
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Development of composite cementitious material and optimization of
slurry proportion based on fuzzy comprehensive evaluation

WEN Zhen-jiang" %, GAO Qian"?, WANG Yong-ding®, YANG Xiao-bing"*

(1. Key Laboratory of High Efficient Mining and Safety of Metal Mine, Ministry of Education,
University of Science and Technology Beijing, Beijing 100083, China;
2. School of Civil and Resource Engineering, University of Science and Technology Beijing, Beijing 100083, China;
3. Jinchuan Group Co., Ltd., Jinchang 737100, China)

Abstract: In view of the high cost of cement cementing materials in mines, the low-cost cementitious materials were
developed by using local solid waste resources, such as slag and fly ash; and the filling slurry ratio was optimized based
on the existing filling system of the mines, so as to achieve maximum economic benefits on the premise of meeting the
requirements of mines. Firstly, the physical and chemical analysis of the test material was carried out. Secondly, the
orthogonal test and range analysis were used to optimize the proportion of composite cementitious material, and the
optimized ratio was determined to be 10% fly ash(FA) , 8% clinker, 14% desulfurization gypsum(DSG)and 68% ground
granulated blast furnace slag (GGBFS). The hydration products and microstructure of composite cementitious material
were explored by means of XRD and SEM, and its hydration mechanism was further revealed. Finally, based on this, the
cementitious material was used to carry out the filling slurry ratio experiment, and the slurry ratio was optimized based on
multi-objective fuzzy comprehensive evaluation method with 7 d strength, 28 d strength, bleeding rate(BR), slump and
filling cost as indicators. The results show that, when the composite cementitious material is used, the ratio of tailings to
Gobi aggregate is 1:1, the cement-sand ratio (CSR) is 1:6 and the mass concentration(MC) is 78% as the optimum
proportion; and the verification test is carried out with this ratio, and the corresponding 7 d strength, 28 d strength,
bleeding rate and slum pare 1.76 MPa, 4.82 MPa, 5.98% and 23.2 cm, respectively, which meet the requirements of the
mine, and the filling cost is 103 yuan/m3, which is 47% lower than the original filling cost of 195 yuan/m3 .

Key words: filling mining method; slag; fly ash; composite cementitious materials; fuzzy comprehensive evaluation;

proportion optimization
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