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Study on Rock Blastability Classification of Deep Phosphate
Ore Rock Mass based on Neural Network
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Abstract: Drilling and blasting is still the most efficient way to explore deep phosphate mine excavation and
mining. There is a severe constraint on the efficiency of phosphate mine digging as its level remained at 70 to 80 me-
ters every month for many years. Therefore, the ore rock blastability classification is critical for the deep phosphate

mine working face. The longitudinal wave velocity tests of the rock body in an underground phosphate mine in
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Yichang,Hubei Province, and measurements of physical and mechanical properties such as rock density, uniaxial

compressive strength and tensile strength were carried out. The rock density, uniaxial compressive strength, tensile

strength , and rock integrity coefficient were obtained for four types of rocks, namely, dolomitic striped phosphorite,

dense striped phosphorite , argillaceous striped phosphorite ,and carbon-bearing argillaceous dolomite. To complete the

deep phosphorite workings of the mine rock blastability classification,a BP neural network model was established by

stochastic functions to generate a large number of learning and testing samples using the Matlab neural network tool-

box as taking the pre-measured rock density,uniaxial compressive strength,tensile strength and rock integrity coeffi-

cients as inputs and the rock blastability classification as outputs. The grading results show that dolomite-banded

phosphorite and mud-banded phosphorite are moderately blastable,, and dense-banded phosphorite and carbonaceous

mud dolomite are difficult to blast. According to the classification results,the blasting parameters of the stope can be

optimized to enhance the blasting effect,reduce the single consumption and the bulk rate of explosives,and improve

the safety and economic benefits of deep phosphate mining.
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Table 1 Test results of rock density measurement

SR RS B D AR b oo BIFEE oS s o/
m/g (g-em™) (g+em™)
BY-01  47.60 47.70 100.40 100.30  539.8 3.02
FMZfi% BY-02  47.85 48.00  99.90 99.35  537.6 2.99 > o825
WA By_03  47.85 4795 109.20 109.20  581.8 2.96
BY-04  48.80 47.95 99.80 100.01  543.1 2.96
ZM-01  48.20 48.20 100.80 100.10  511.7 2.78
sk ZM-02  48.30 48.25 101.05 101.00  551.1 2.98 2 o125
WHHRE  Zm 03 48.15  48.10 100.80 101.00  564.6 3.08
ZM-04 5520 55.20 102.10 102.30  688.3 2.81
NZ-01  49.90 50.00 63.10 63.20  367.2 2.96
R4 NZ-02  50.00 50.00 99.10 99.12  549.5 2.82 > 8500
WHERE  Nz-03  55.40  55.30  100.40 100.20  686.8 2.85
NZ-04  55.40 55.50 101.40 101.20  705.8 2.89
HT-01  53.40 53.50 99.45 99.40  623.4 2.79
GBI HT-02  53.50  53.55  97.00 97.10  626.7 2.87 ) 805
HZ%  gr-03  53.45  53.30 101.20 101.00  644.4 2.85
HT-04  53.10 53.20 97.35 97.35  617.9 2.86
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(a) BARHT R IRIREEBIRAT  (b) BT R
(a) Before the destruction of the (b) After the destruction of the
uniaxial compression test samples uniaxial compression test samples
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(c) Before the splitting test

Fig. 1 Comparison diagram before and after sample destruction
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Table 2 Uniaxial compressive strength and splitting test results

GRS

(d) %%ﬁ?b&ﬂ)‘
(d) After the splitting test

s , PO 5 B o -3 BT R OA
2R FEA G = R./MPa R,/MPa R /MPa SRIER,/MPa

BY -01 58 3.52
BY -02 59 3.23

EPNE S = BY -03 58 3.47 63. 198 3. 406
BY -04 94 2.69
BY -05 51 4. 12
ZM -01 82 1. 66
ZM -02 84 8.19

E g S e e ZM -03 117 4. 06 95. 612 4. 568
ZM -04 111 5.78
ZM -05 85 3.15
NZ -01 71 2.87
NZ -02 64 3.16

e i S H s NZ -03 81 1.58 70. 230 2.756
NZ -04 86 4.15
NZ -05 40 2.02
HT -01 110 7.95
HT -02 126 9.53

TR A A HT -03 105 6.00 110. 678 7. 402
HT -04 103 7.02
HT -05 115 6.51
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(a) Measurement of wave

velocity in rock mass
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Fig. 2 Rock mass integrity test
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(b) Rock wave velocity

measurement
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Table 3 Acoustic wave test results

BY -01 3072 4119 0.74
BY -02 3544 4820 0.73
H = & e s BY -03 3301 4953 0.44 0. 61
BY -04 3389 4261 0. 63
BY -05 3483 4885 0.51
M -01 2864 4030 0.51
ZM -02 3505 4237 0. 68
HUE SRR ZM -03 3247 4464 0.52 0.58
ZM - 04 3165 4545 0.48
ZM - 05 3650 4237 0.74
NZ -01 2819 4155 0.46
NZ -02 2983 4551 0.42
P T B NZ -03 2873 4034 0.50 0. 49
NZ -04 2831 4012 0.50
NZ -05 3159 4187 0.57
HT -01 4861 5230 0. 86
HT -02 4132 5080 0. 66
SRS A HT -03 4759 5119 0. 86 0.79
HT - 04 5114 5825 0.77
HT -05 5019 5612 0.79
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Table 4 k, and the degree of rock mass integrity

[23]

>0.75 0.75 ~0.55
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Fig. 3 BP neural network structure of rock mass detonability discrimination
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Table 5 Classification criteria for rock blastability

e AOEEp/  HEBTERE  brhiosE  ASRoSEN A
373 (g~ em™?) R./MPa R,/MPa ZFHK, ik
1 <2.0 <25 <l1.5 <0.15 W T bk
1 2.0~2.4 25 ~60 1.5~3 0.15~0.35 TR
1 2.4~2.75 60 ~ 100 3~6 0.35~0.55 4
\% 2.75~3.0 100 ~ 180 6~12 0.55~0.75 e
A% =3.0 =180 =12 =0.75 MR
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Table 6 Some learning samples and expected outputs
o Fepal ‘%“%p/ WU Hrhoim %lei”%%‘@ LU T

(g-em™) R./MPa R,/MPa RHK, I 1 ] v Vv
1 1.9899 20.679 1.2001 0.0564 1 0 0 0 0
2 2.3654 52.890 2.1598 0.2490 0 1 0 0 0
3 2.7345 93.329 3.4594 0.4843 0 0 1 0 0
4 2.9878 179.7717 9.5858 0.6654 0 0 0 1 0
5 3. 1868 281.743 17.7655 0.7936 0 0 0 0 1
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Fig. 4 Schematic diagram of the neural network training error
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Table 7 Tests the comparison between the actual and expected output values of the sample

Tk HA %‘&ip/ LTS SO VA 11953 %M{?s%ﬁ SRk HHER
(g+cem™’) WEER/MPa R/MPa  ZM(K, | i m N vV I I I N V
Vieh=2 2.68 27.6 2.19 0.12 0.0000 1.0000 0.0000 0.0000 0.0000 O 1 0o 0 O
AMabA 2.41 43.6 2.72 0.09 0.0000 1.0000 0.0000 0.0000 0.0000 O 1 0O 0 O
b 2.36 27.3 2.26 0.17 0.0000 1.0000 0.0000 0.0000 0.0000 O 1 0o 0 O
SRS = 2.23 24.3 1.50 0.11 0.4006 0.5994 0.0000 0.0000 0.0000 1 o 0O 0 O
W 3.46 65.3 1.57 0.43 0.0000 0.0000 0.9997 0.0003 0.0000 O O 1 0 0
WL 3.81 94.7 5.85 0.51 0.0000 0.0000 1.0000 0.0000 0.0000 O O 1 0 0
R 5 T 2.58 81.5 2.59 0.47 0.0000 0.0000 1.0000 0.0000 0.0000 O 0 O 1 0
W& KA 2.71 160.0 7.05 0.41 0.0000 0.0000 0.2803 0.7197 0.0000 0 O O 1 0
A A 2.73 212.7 16.20 0.55 0.0000 0.0000 0.0000 0.9995 0.0005 0 O O 1 0
AR = 2.66 113.6 3.85 0.49 0.0000 0.0000 1.0002 0.0002 0.0000 O O 1 0 0
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Table 8 Results of rock blastability of deep phosphate ore rock mass
TR HAEE p/ PEGURSRE  PURRE A fRse Rt S PR i
ARl (g+em™) R./MPa R./MPa ZHK, I 1 1 v v
HuRA&mgis  2.9825 63.198 3.406 0.61 0.0000 0.0000 0.9982 0.0018 0.0000
RS 2.9125 95.612 4.568 0.58 0.0000 0.0000 0.0052 0.9948 0.0000
A g e e 2.8800 70.230 2.756 0.49 0.0000 0.0000 1.0000 0.0000 0.0000
RS 2.8425 110. 678 7.402 0.79 0.0000 0.0000 0.0000 1.0000 0.0000
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