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Table 1 Chemical composition of raw materials
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Fig. 1 XRD patterns of raw materials
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Fig. 2 Particle size distribution of raw materials

Mass fraction/%

Sample
CaO Si0, ALO; MgO SO, Fe,O; K,O Na,O TiO, F
Blast furnace slag 39.08 33.02 13.75 8.34 2.37 1.09 0.81 0.53 0.52
Clinker 67.1 21.44 4.89 1.23 0.55 2.79 1.06 0.09 0.26
Tailings 3.86 62.99 5.29 6.46 0.41 18.37 0.89 1.00 0.22
Gypsum 46.59 3.38 1.39 0.69 45.78 0.46 0.29 0.07 0.08 1.12
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Table 2  Factors and levels of orthogonal test for

cementitious materials mix proportion

Level Factor A/%  Factor B/%  Factor C/%
1 9 2 0
2 11 3 0.5
3 13 4 1
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Table 3 Mix proportion and result of cement filling body

Test Factor Factor Factor Blast furnace Tailings/  Water Compressive strength/MPa

No.  Alg B/g Clg slag/g g mass/g 34 7d 14d  28d  56d
Cl1 13.65 3.03 0 134.98 1213.33 735 1.17 1.7 1.96 222 2.25
C2 13.65 4.55 0.76 132.71 1213.33 735 1.18 1.51 1.77 2.02 2.11
C3 13.65 6.07 1.52 130.43 1213.33 735 1.45 1.92 2.17 241 2.53
C4 16.68 3.03 0.76 131.19 1213.33 735 1.02 1.57 1.71 1.84 1.92
C5 16.68 4.55 1.52 128.92 1213.33 735 1.15 1.78 1.87 1.96 2.17
C6 16.68 6.07 0 128.92 1213.33 735 1.10 1.7 1.78 1.86 2.13
C7 1972 3.03 1.52 127.4 1213.33 735 1.28 1.48 1.6 1.71 1.96
C8 19.72 4.55 0 127.4 1213.33 735 1.03 1.32 1.48 1.64 1.72
c9 1972 6.07 0.76 125.13 1213.33 735 1.00 1.54 1.63 1.72 1.87
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Fig. 4 Effect trend curves of cement filling body: (a) Clinker

content; (b) Gypsum content; (c) Mirabilite content
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Table 4 Variance analysis result of compressive strength

for filling body
Sou.rce of i fi S, F, Significance
variance
A 0.301 2 0.150 107.49 Very significant
B 0.050 2 0.025 17.92 Not significant
C 0.102 2 0.051 36.56  Significant
Error  0.003 2 0.001
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Fig. 6 3D visualization model of cement filling body at
56 d strength
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Table 5 Best point estimation of test index value

Compressive strength/MPa

Parameter
3d  7d 14d 28d 56d
il 127 171 196 222 230
3 129 173 1.88 203 222
X 115 161 177 193 2.07
3 141 182 207 231 244
Testoptimum o195 517 241 253
index
Wz, H >0,
/F 1, 7)M,
5 — a ( fE) SE (3)
ne

A n RIS A AEEHG fr WIRZERH B
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AT E T, 454 3.0 s AR
IO R RH R T 0 A1B3C3, Rkl INE A
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InE ST E .
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Table 6 Best interval estimation of test index value

Compressive strength/MPa

Parameter
3d 7d  14d 28d  56d
n, 303 3 33
f 4 4 4 4 4
Se 0.016 0.073 0.054 0.044 0.053
M 0.004 0018 0.014 0011 0.013
F(Lf) 771 771 771 771 771
5 0.103 0217 0.187 0.168 0.184
i, 141 182 207 231 243
4 130 161 188 214 225
7 151 204 225 248 26l
Testoptimum /s 90 517 241 253

index

RT FIGRE S TR RIS 4
Table 7 Fitting results between strength and times of
filling body
R Best formula
Test parameter
Power Log Hyperbola 1 §2
Cl  0.884 0.927 0.992 2415 3.091
C2 0957 0.978 0.977 2.192 2.849
C3 0932 0.965 0.992 2.614 2.502
C4 0.819 0.875 0.965 2.029 2.617
C5 0813 0.867 0.927 2.225 2.458
C6 0.831 0.882 0911 2.149 2.564
C7 0987 0979 0.817 1.876 1.620
C8 0943 0971 0.987 1.765 2.263
C9 0.813 0.868 0.941 1.933 2.453
Mean 0.886 0.924 0.945 - -
Conclusion Ry>R>R:

MR 7 IR, R T EONDRUH £k 3 A LA 5

BB REIIIRE, 270k 2] 0.886,
0.924 F10.945. AHHZIN A L5 R T 07 2 MG 4
B, BHIAEW KA, AR AP R
H5HRPBHZ RMERERXR, HXRAN
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p,+t Table 8 ¢ values of each component factor for

cementitious materials

X pi M py NG SHEG po 8 cIT 55 KRS

F 1 )
FEHA R PSS, MPa; pr NIEESE ¢ T“ 8;3 424
HFE, d. ’ o o
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B, pi 5 4 BHHG, B. C 21EMH MPa), #4973 d. 7d. 28 d 5 56 d 7o IEAR RIS
K, BIEZR R e e 8, WYPPHER SN TR I R AR, A T A AV AR A
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i, WEMERIEAE Fa oy 541 R py (R ik B AR T SN, DAL RE -
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P, =—0.008x 4> +1.4985 x " —
0.0031x e’ +2.0587 ©)
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Table 9 Calculation results of mathematical model for filling body strength

Compressive strength/MPa

Parameter
3d 7d 14d 28d 56d
i, 1.41 1.82 2.07 2.31 2.44
[, 1] [1.30,1.51] [1.61,2.04] [1.88,2.25] [2.14,2.48] [2.25,2.61]
Test optimum index 1.45 1.92 2.17 241 2.53

Model calculation value (MCV) 1.4 1.9 2.2 2.38 2.49
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Table 10 Error rate of calculation results for filling body

strength mathematical model

Time/d  Error rate of 4, /%  Error rate of MCV/%
3 —2.76 —3.39
7 =5.21 -0.93
14 —4.61 1.25
28 —4.15 -1.18
56 —3.56 -1.74
4 ZE

1) EETEMWANT J7Z 5B AT, 75
TR PRI 7e 1 8 P55 T SRR D = R 38 K/, B
BUNINE AT RS S N 3G KT OK, (R A
YT MR BN KT BB I & TR o A
FEBRME, AENRMEMEmIEE BE, LHE
K=, AFRNERPRALE, RIRERE.

2) 18 HIEATES (RNl T A 702, R Ee gy
M T I B R T BRI HTIRALTT &, RAEAR 2
BT RZE R R —58, AR INEN
9%, AEWINEN 4%, THRNEN 1%.

3) RHA I EARIEL & LL ) SRR N & L A B W
ISP I R IR R AN, @S T
Wi FE AR BEAR Y, XM R AT AR IO I0AIE, 5
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Orthogonal experiment on ratio of
whole tailings cementitious materials and strength model of filling body

WU Fan', GAO Qian', YANG Zhi-giang"*

(1. School of Civil and Resource Engineering,
University of Science and Technology of Beijing, Beijing 100083, China;
2. Jinchuan Group Co., Ltd., Jinchang 737100, China)

Abstract: In order to determine the strength model of cemented filling body in ultra-deep iron ore, orthogonal test
of the strength of filling body with full tailings cementing material ratio was carried out. The effects of cement
clinker, desulfurization gypsum and industrial mirabilite on the strength performance of filling body were studied,
and the strength model was established. The results show the strength of filling body decreases with the increase of
cement clinker content, and then increases with the increase of desulfurization gypsum and mirabilite content. Full
tailings cementing material optimization formula is clinker 9%, gypsum 4%, mirabilite 1%. Considering downhole
operation time, the hyperbolic function relationship between the curing age and its strength was established, which
reveals that strength increases first and then tends to be stable with increasing age. The concepts of the ultimate
compressive strength p; and the revised parameter p, are proposed. By 1st Opt software, the relationship between
the conceptual parameters and the cementitious materials addition is multivariate and non-linear. The strength
model was established by synthesizing cementitious materials addition and curing age. The prediction error of
model is less than 6%, which satisfies the engineering prediction accuracy and can be applied to develop full
tailings cementitious materials and predict strength.

Key words: cementitious materials; orthogonal experiment; data visualization; ratio optimization; strength model

Foundation item: Project(2017YFC0602903) supported by the Key Research and Development Program of China
Received date: 2019-12-02; Accepted date: 2021-06-24

Corresponding author: GAO Qian; Tel: +86-18600173341; E-mail: gaoqian@ces.ustb.edu.cn
(YREE FH)



