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Table 1 The chemical analysis results of Tang steel blast furnace slag
CaO Si02 ALOs Mn20s3 Cl- MgO Fe20s sz S0O;3 it
38.16 33.38 16.23 0.44 0.03 10.10 0.62 0.17 0.07 0.08

R EE R4 GB203 «H T A F ki
B HE, BT BERERBKA:
g C20+MgO+ALO; _ 38.16+10.10+16.23 _ 64.49

Si0,+MnO+TiO, 3338404440  33.82

EfRMEE KRR R P BRER
K APNT 1.2, BREGKEE KR ERE0E
# 191, BFRILKT B .

(2) EERFMA. RERANERKKREE
W X EESA K, CaO SB KT 18%, £KA
BB E B L B R KA,
KRR ET 800 C MR 24 BKEREHNE
KAE, Hb SO HE KT 40%. Tl T=H.
NaCl. CaCl Z4MnFR RS AT 5 £ .

(3) £RW. AMARENEERET T X
EEEIS T REMARENE, BB E
R B G 2B, Bl E % &
HEED, RR{TREBREB, KRTROER.
2 BaLrREDRERENBTETEX
AR
2.1 EXRE

A5 B 7K U8 JBE T 48 B LK B B b R B
B, B 7.07 cmX7.07 cmX7.07 cm = BEHE B #
HRRIRERE,; BRSHEABAIIREA
20C, BERMMET 90% HitrdiEBEE R AT

=1.91

FRYT, P 24 h BB E 28 d B & KRB
BEPUERE . FEGESRY B — B TR W,
FH LR EREREERY, ®it 28 d REHE
BEAR/NT 2.0 MPa, HFEREGEFEHTRER
BEReig, BEMNFTEERITRER 2.5 MPa,
BEHT L, KBRS A 1:8 1 70% R K
E, BATEALED IR REREM K
MG HHRRERR, AT RSERKBEER )
VEE, SN AR S R A TE AL AR BOR A R NaCl A
CaCl, #7527 R BEA $ A B L AR AL R 1
0, R2ABTHREHARBRMERMKE, X34
H T B R AR AR R R AR E, FER
F 32.5R B38/K AT T A RS L RURLHR IR B B
FHEARER RE, HKIRBRERIE 4.
%2 FRU{EMERMAE

Table 2 Factors and levels of trial test

KFE EKEEMS  ERK/% T /%
1 16 4 1.0
2 17 5 1.5
3 18 6 2.0

#3 ECEEMURIEAIERMAF

Table 3  Factors and levels of ration optimization test

KFE $KEE /% EFRK/% W /% NaCl/% CaCl/%

16 1.0 03 0.3
18 1.5 06 0.6

A v bW

1
2
3
4

£4 WRAGKT ERWEKRMHET EXRRER

Table 4 The result of rationorthogonal tests about cementitiousmaterial of whole tailings in Nanminghe iron mine

RBRTR me  FKEEM~% ERKM% O TW% NaCl'% CaCl/% W iEWHH /% 28 d/MPa

Bl 16 4 1 0 0 79 0.64

—— B2 17 4 15 0 0 71.5 0.81
- B3 18 4 2 0 0 76 0.44

Wi

B4 16 5 15 0 0 71.5 1.00

B5 17 5 2 0 0 76 1.03

B6 18 5 1 0 0 76 0.77
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B7 16 6 2 0 76 1.18
BS 17 6 1 0 0 76 13
B9 18 6 1.5 0 0 74.5 12
32.5R K3t HAE 1.09
B10 16 3 1 0.3 0.3 79.4 1.223
Bl1 18 3 1.5 0.6 0.6 76.3 1.901
BI12 16 4 1 0.6 0.6 77.8 2.693
AR AR B13 18 4 1.5 0.3 0.3 75.9 2.155
B Bl4 16 5 1.5 0.3 0.6 76.6 2.658
B15 18 5 1 0.6 0.3 75.1 2.405
B16 16 6 1.5 0.6 0.3 75.6 3.024
B17 18 6 1 0.3 0.6 74.1 2.241

22 WMBERA

x5 FRERBHRESEZKBRESFER
Table 5
about cementitious filling material

The range analysis results of orthogonal test ration

AR £H FK

b K¥ % EE T NaCl CaCl
1 063 094 0.903
2 0.933  1.047 1.003
3 1.227 0.803 0.883
" ®ER 0597 0243 012
pratg  BY 5 2 1
A
Bt
=4 6 17 1.5
%
1 1.562 24 2141 2069 2202
2 2424 2176 2435 2506 2373
3 2.532
4 2.633
WAL §E 1071 0224 0204 0437 0171
o EE 6.3 1.3 1.7 26 1
Bk
[:3a4 6 16 1.5 0.6 0.6

%
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Fig .1 Relationship curve between the strength of filling and
bodyand raw lime
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(2) RERLRAR S, YERKBEN
3% ~ 4% B, 28 d BRI HUE R E B 1.562 MPa
HKH2424MPa, HKEBRRE. BEAKNE
BN 4% ~ 6%, 28 d PUEREHMKEERE.
ERRBPEAKBERFSHENTE, MEm
FREERT, RELEHKEMNEAKMBE.
Hith, WEF BN RREE RS AR R R
RERWHM: BV BHURREMES, EAKE
FEEHHER, RINELBERN 6%.

(3) BEMERKK S, 28 d BRERFEHEBEEN
1.30 MPa, TMi{RALIR%H B7 4/ 28 d FRIFEIAIRE
E& & F] 3.024 MPa, RHFE%MT 32.5R Higk
B FEABER 2.77 %, AHTR, BHHAE
BEMTBERKREMECE2E3 TRRERE L
fckE, H5ea o LU 2R Ry EARER,
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B, BAATIHEMEER, RAXIHBI3M
B17 BAKEEARREA, K415 M EEER
WErEAR. EFTINGMES, B 28d RE
AR AR R TR, AN RAREERE—
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Table 6 The normalized results of test samples of cementitious
materials

K 4£A F¥/K TH NaCl CaCl» 28d
%S K% AE/% /% 1% /%  /MPa

1 0.25 0.25 0.25 0 0 0.120
2 0.25 0.5 0.50 0 0 0.179
3 0.25 0.75 0.75 0 0 0.050
4 0.5 0.25 0.50 0 0 0.245
5 0.5 0.5 0.75 0 0 0.256
6 0.5 0.75 0.25 0 0 0.165
7 0.75 0.25 0.75 0 0 0.308
8 0.75 0.5 0.25 0 0 0.350
9 0.75 0.75 0.50 0 0 0.315
10 0 0.25 0.25 0.3 0.3 0.323
11 0 0.75 0.50 0.6 0.6 0.559
12 0.25 0.25 0.25 0.6 0.6 0.835
14 0.5 0.25 0.50 0.3 0.6 0.823
15 0.5 0.75 0.25 0.6 0.3 0.734
16 0.75 0.25 0.50 0.6 0.3 0.950
13 0.25 0.75 0.50 0.3 0.3 0.647
17 0.75 0.75 0.25 0.3 0.6 0.677

32 HEMERESHSHIER

iZH 3 BRTRMEMNS, NEF —MeEE.
FEBEMRE SRR SEERK. PRKAE. TH.
NaCl #1 CaCL 3t 5 MHA R, Hli AR EA 28d 5
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WEAN 4~ 1%,
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Fig .2 Neural network training error curve with 8 points
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Fig.3 Test sample training function fitting curve
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Table 7 Comparative analysis of ration test and prediction
resuits of cementitious materials

®S RIE{E /MPa FARIE /MPa R /MPa RE /%

1 0.64 0.1197 0.640 0.02
2 0.81 0.1789 0.810 0.01
3 0.44 0.0500 0.440 0.00
4 1.00 0.2450 1.000 -0.01
5 1.03 0.2555 1.030 0.00
6 0.77 0.1649 0.770 -0.01
7 1.18 0.3077 1.180 -0.01
8 1.30 0.3495 1.300 -0.01
9 1.20 0.3147 1.200 0.00
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10 1.223 0.3227 1.223 0.00
11 1.901 0.5589 1.901 0.01
12 2.693 0.8347 2.693 0.00
13 2.658 0.8225 2.658 0.00
14 2.405 0.7344 2.405 0.00
15 3.024 0.9500 3.024 0.00
16 2.155 0.6558 2.179 1.13
17 2.241 0.7123 2.342 4.49

3.3 MBI FEBRMRECEL 24T

AR 37 B 7 SR R R A L RC 7 iR B8 4 R 4 A
A, REAEEEEEAKBENYMNGES.
R AERKIEARBEENEHMER, BEERE
MPRAC R B L R A 6% BT LAHE £ K
BINEN 6%.

(1) REGEEFEEYKAEBENE MR

e A K. =M. NaCl # CaCL B &5
B 6% 1.5%- 0.6% F10.6%. H“¥/KABEBM
BRAEZUN, REABERNLERERLES. &4
ERTREABRESF¥KEBEBENXZML.
HEEL, ¥ KABBENT 17%0, FEAR
FEZREI K, EEUKT 17% J5 7038 14 58 B 1
N BEAKBEN 6%, THBEN1.5%, NaCl
M CaCL BEIHIN 0.6% MEMHT, REABEM
YJKT 2.98 MPa, % 2 B 1&IRI Sk 7R VAR 4
FERAER. WA, EFEREM B RARIK,
LEEMT U RAREMERA, B, ¥KA
BRBREEBERTEN 18%.

£8 TEFKAFESEBRNFRKBERUER
Table 8 Prediction results of the strength of filling-body of
different admixture amounts semi-hydrated gypsum

HRK  ¥K o
% R %

NaCl/% CaCl2/% 28 d/MPa

6 16.4 1.5 0.6 0.6 3.031
6 16.6 1.5 0.6 0.6 3.033
6 16.8 1.5 0.6 0.6 3.034
6 17 1.5 0.6 0.6 3.034
6 17.2 1.5 0.6 0.6 3.033
6 17.4 1.5 0.6 0.6 3.029
6 17.6 1.5 0.6 0.6 3.021
6 17.8 1.5 0.6 0.6 3.008
6 18 1.5 0.6 0.6 2.986

2,96

164 16.6 16.8 17.00 17.2 17.4 17.6 17.8 18.00
KA BRI /%
E4 FREFBESFKABEENXRMHL
Fig .4 Relationship curve between the strength of filling-body
and semi-hydrated gypsum
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Fig .5 Relationship curve between the strength of filling-body
and mirabilite

(2) FREAEFERTHS RN AE

WELERAIK. ¥/KAE. NaCl 1 CaCl. ¥
IEDHIA 6% 18%. 0.6%- 0.6% HIZMHT, &
HARBEMNREFRRERNLERALEL. BS54
HTYRBEEEESTHBENXRMEZE. Bt
W, TEHBE/NT 1.6% K78 HARE S8 A
o REREMER T ARHETHRRNBEN
1.5%. ZRETHMRAE, HYBEN 12% K,
TR E LA 2.872 MPa, EM, #E
THERRUBEN 1.2%.

(3) Fe3ERIEE 5 NaCl fl CaCL B E A
eRiR

WEERAK. FKAE. THEHNED 5
N 6% 18%- 1.2%. A[F NaCl I CaCl BE KK
SERFEKBETNERNEK 9. B6 A THEARR
CaCLBE T , REEEE 5 NaCIBEHXRIL.
HUAT ., BEE NaCl BRI, ZEAHER
FEE2IMAESE,; HE CaCL BRI, FiHE4k
RERIMEEES, SREMER R ILRE
WMESERA—E, ALl NaCl fl CaCL. BE T
B —FPRIERRK. EERAUKFTIEAREE
3K, i€ NaCl fl CaCl BB E R 0.6% F1 0.4%.

1 Il 1.2
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Table 9  Prediction results of the strength of filling-body of
different admixture amounts mirabilite

R ¥K T NaCl CaCh. 28dHifE
K% FE/M% 1% 1% % R /MPa
6 18 1 0.6 0.6 2.680
6 18 1.1 0.6 0.6 2.790
6 18 12 0.6 0.6 2.872
6 18 1.3 0.6 0.6 2.929
6 18 1.4 0.6 0.6 2.966
6 18 1.5 0.6 0.6 2.986
6 18 1.6 0.6 0.6 2.993
6 18 17 0.6 0.6 2.986
6 18 1.8 0.6 0.6 2.964
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; 2.8
= 2.7 —e—CaCly M0 0.3%
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% 257 —a—CaCly 70 0.5%
2.41 —e—CaCly M 0.6%
2.3 . i =
0.3 0.4 0.5 0.6
NaCl#$ /%
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Fig.6 Relationship curves between the strength of filling and

bodyand NaCl
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(1) EXREMRESTERER, £AK
REYMAEGBEEERER, ¥KAFRZ, &
TR/ o

(2) BEEKABBENEM, 28 dHERE.
ZEHIN. BBMEN 17% KEFEBRKER
TR PR

(3) TRHR— RN, IR TH
BEKMMEALHMERENES. LTEHE
B%T 1.5% nREAEEEER .

(4) BT A FEHLEE NaCl F CaClo Bk R
B R REE, KRBT 28 d REABRER K
X F] 3.024 MPa, i & BV XF 28d FRIHA A
& 2.5 MPa FIEK.

(5) REBEMHEREMREIITERENA,
HERK 6% ARMBE. EHEEAKEAMER
Ak b, @AM EERNEKAE. TH.
NaCl fl CaCL B E# 17 R ARE TN, WA T

REAREEBAABENZURE, BREATHE
FKAHE TR NaCl fl CaCr KRR B E 5 5
N 18%. 1.2% F10.6%, 0.4%.

(6) HR¥EHT R TR R B RS 7 AT
T REAM R R AR E M RAERE, B BRIRE
FRiEARH]) 28d HUEREIL ] 2.873 MPa, MTIRAE T
AT FC T IRAS I B VTR R 4 R RO RE A R ) B A
Ao 7 BA — T, 5l RIRZENA 5%,
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Ration Optimization of New Filling Cementitious Material Based on Orthogonal

Test and Neural Network Model
Li Litao', Yang Zhiqiang'?, Gao Qian'
(1. Key Laboratory High-Efficient Mining and Safety of Metal MinesSchool of Civil and Environmental
Engineering, University of Science and Technology of Beijing, Beijing,China;
2.Jinchuan Group Co. Ltd, Jinchang, Gansu, China)

Abstract: According to the superfine full-tailings of Nanminghe, orthogonal test of new filling cementations
material optimal proportion about full-tailings is carried out, the use of blast furnace slag, quick lime,
mirabiliteis and inorganic salt. According to range analysis that lime addition amount is 6%,the new
cementitious material formulation of neural network model is established in the experiment data as learning
samples , the prediction and influnce of activator material content of filling-body strength are investigated. The
results show that the largest effect of 28d filling-body strength is lime, followed by semi-hydrated gypsum,
minimum is mirabilite. Considering the cementations material cost and mining method on the strength of the
filling-body in Nanminghe iron mine, optimal proportion of new filling cementations material about whole
tailings was determined:6% lime,8% semi-hydrated gypsum,1.2% mirabilite, NaC 10.6%,CaCl2 0.4%,73.8%slag
powder. The optimal proportion of verification test is carried out, 28d filling-body strength get reached
2.873MPa, and orthogonal test in the strength of the filling-body test error is only 5%. So optimal proportion of
new filling cementitious material about whole tailings has certain reliability in Nanminghe iron mine.
Keywords: Slag powder; Orthogonal test; Range analysis; Neural network; Optimal proportion; The third
filling ore
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