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Table 1 Granularity classification of coal gangue

Bi A% /mm <3 3-5 5-8 8-15 >15
ke /% 22.50 22.50 25.00 20.00 10.00
= 2 FTEMEREE RS 1%

Table 2 Chemical composition of filling materials

R Si0, ALO; Fe,0; CaO MgO SO, HAl

BEAF A 4814 1942 1464 6.74 235 073  8.00
BMBEIK 4858 1959 1645 437 150 282  6.70

K e 17.67 4.25 3.84 65.22 2.22 4.27 2.54
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Fig. 1 XRD spectrum of (a) fly ash, (b) coal gangue and (c) cement
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Fig. 2 Influence of different factors on 3 d, 7 d and 28 d compressive strength of backfill
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Table 4 Compressive strength test value and predicted value

- 2 B4 A % 3R 1 /MPa i 3% i /MPa

A B C Y Y., Yosu Y Y. Yosd
1 -1 0 1 0.8 1.2 2.2 0.80 1.28 2.25
2 -1 0 -1 0.5 0.9 1.7 0.46 0.78 1.37
3 -1 1 0 0.7 0.9 1.5 0.71 0.90 1.81
4 -1 -1 0 0.6 0.8 1.5 0.65 0.85 1.46
5 0 -1 -1 0.6 0.9 2.8 0.65 0.90 2.81
6 0 1 -1 0.7 1 2.5 0.71 1.13 2.86
7 0 0 0 1 1.5 4.2 0.98 1.52 4.26
8 0 0 0 1 1.5 4.2 0.98 1.52 4.26
9 0 0 0 1 1.6 4.4 0.98 1.52 4.26
10 0 0 0 1 1.5 4.3 0.98 1.52 4.30
11 0 0 0 0.9 1.5 4.2 0.98 1.52 4.26
12 0 -1 1 1 1.7 4.4 0.98 1.58 4.26
13 0 1 1 1.2 1.8 5.1 1.16 1.73 5.09
14 1 -1 0 1.3 1.4 4.2 1.29 1.33 4.26
15 1 0 1 1.5 1.9 6.1 1.54 2.02 6.43
16 1 1 0 1.4 1.7 5.7 1.41 1.65 5.39
17 1 0 -1 1.2 1.4 3.6 1.15 1.40 3.55

= 2)~@) Fimn: FoIER 3 d PUHHR BE 52 . Y AIRTREAK . KB

Y3,=—-83.55187 +0.015A4 - 0.044B +2.085C - 9.36751 x 107"

AB-6.48353%x 107AC+1.25% 102 BC +4.53125%x 10~
A2-525%107B2-0.013125C2 (2)

Yaq = =25.9075-0.3025A +0.1415B +0.49C + 1.25x 10 AB+
6.25x107°AC +3.92308 x 10”"°BC —0.014%> - 1.6 X 10~°
B*-2.5x1073C? (3)

Yasq = —208.5475—4.195A—0.4405B + 5.62C +9.375 x 10 AB—

0.0625AC +8.75 % 10 BC — 0.044063A% —3.3x 10 B~
0.03875C2 (4)
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Table 5 Regression model variance analysis results
FRAP S W /d A5 5 R R 5 M i ¥ o5 Fld Pld ®E
1 7 1.34 9 0.15 50.78 <0.000 1 Significant
A 0.98 1 0.98 334.63 <0.000 1
B 0.031 1 0.031 10.67 0.0137
c 0.28 1 0.28 96.04 <0.000 1
AB 0.00 1 0.00 0.00 1.00
AC 0.00 1 0.00 0.00 1.00
’ BC 2.5%10° 1 2.5x10° 0.85 0.386 3
4 0.022 1 0.022 7.56 0.0285
B 0.012 1 0.012 3.96 0.086 8
c 0.012 1 0.012 3.96 0.086 8
B 2% 8.0x10° 4 2.0x107 - -
2 48 35 0.013 3 4.6x10° 2.08 0.2451 Not significant
A5 5ok IR -5 Al H ¥or Fld Pld T
H5 A 1.86 9 0.21 14.77 0.0009 Significant
4 0.85 1 0.85 60.36 0.000 1
B 0.045 1 0.045 3.21 0.116 1
c 0.72 1 0.72 51.43 0.0002
AB 0.01 1 0.01 0.20 0.426 0
AC 0.01 1 0.01 3.20 0.426 0
7 BC 2.2x107 1 2.2x107 0.20 1.000 0
A 0.11 1 0.11 35.58 0.0275
B 0.11 1 0.11 7.58 0.0275
lei 421x10™ 1 421x10* 10.32 0.8672
Bk 2% 8.0x10° 4 2.0x10° - -
K 035 0.090 3 0.03 4.50 0.0121 Not significant
A 5 R -7 A A B2 ¥ Fld PlE i
F5 A 32.05 9 3.56 35.13 <0.000 1 Significant
A 20.16 1 20.16 198.91 <0.000 1
B 0.32 1 0.32 3.16 0.1188
c 7.03 1 7.03 69.37 <0.000 1
AB 0.56 1 0.56 5.55 0.0507
AC 1.00 1 1.00 9.87 0.016 4
28 BC 0.12 1 0.12 121 0.3080
A 2.09 1 2.09 20.65 0.002 7
B 0.46 1 0.46 4.52 0.0710
fed 0.10 1 0.10 1.00 0.3511
Tk 2% 0.032 4 8.0x10° - -
AU I 0.68 3 0.23 28.23 0.003 8 Not significant

TE: 1) PRy AR 4 IS BE R 2) FoR R 36 ol DS A8 A8 B 35 1k 0 S 50

B RV TS K A T A sk 28 a s 223 B B SHERIE

JE () 5% ) 1y 2 FI ] Design-expert 4 {'- Numencial I B L1 A 2
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Table 6 Optimization model validation test results ratio

i 3 3d 7d 28d

9 U {E /MPa 1.14 1.81 5.06

1.1 1.6 5.0

S {5 /MPa 1.1 1.8 5.1

12 1.9 5.1

- ¥4 /MPa 1.13 1.77 5.07
2% 0.8% 2.34% 0.14 %
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Experimental Study on Compressive Strength of Coal Gangue Cemented Backfill
Based on Response Surface Method
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Abstract: Ground subsidence caused by coal mining could be sufficiently controlled using cemented coal gangue
backfilling materials. In order to study the influence of fine gangue rate, cement content and mass concentration of slurry
on the compressive strength of backfilling materials and optimize mixture ratio of backfilling materials. Response surface
method was used to design an experiment with 3 factors and 17 proportions based on the single factor experiment,
furthermore, the response surface regression model was constructed, and the optimal ratio was calculated, which could
provide a scientific method for obtaining a reasonable proportion of filling materials in industry. The results showed that
the influence of single factor on the compressive strength of backfilling materials was in order of mass concentration of
slurry, cement content and fine gangue rate. The influence of interactions between fine gangue rate and mass concentration
of slurry on compressive strength of backfilling materials in the early stage was slight, while the influence of interactions
between cement content and mass concentration of slurry on compressive strength of backfilling materials in the middle
and later stages was the greatest. The optimal ratio of backfilling slurry was determined by the results of model
optimization as m (coal gangue) : m (fly ash) : m (cement) : m (water) = 50% : 22% : 8% : 20%, and the fine gangue rate
was 52%, The compressive strength of backfilling materials curing for 28 days was 5.07 MPa, and the error range of the
verification test was about 2%, the model was accurate and reliable. The Ca(OH), generated by cement hydration motivates
the active substances of fly ash and coal gangue and generates ettringite (AFt) and calcium silicate hydrate (C-S-H) gels.
The continuous growth of curing age plays a good role in connecting the cementing system, making the network structure
more stable and effectively improving the compressive strength of backfill.

Keywords: cemented filling; response surface method; compressive strength; gangue; fly ash; cement; hydration
mechanism
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