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Optimization and Application of Blasting Technology
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Abstract: As the mining level progressively extends downward , the limitations imposed by elevated in-situ stress
and intricate geological conditions on the effectiveness of smooth blasting during roadway excavation become progres-
sively more pronounced. To address issues related to the poor quality of smooth blasting formation, low efficiency of
cyclic advance,and high boulder yield during the excavation of a deep exploration engineering roadway in a mine lo-
cated in northeastern Yunnan at a depth exceeding 1500 meters,an in-depth analysis was conducted on the cycle ad-

vance depth and operational costs associated with the current excavation blasting scheme. Test results complemented
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this analysis concerning the explosibility of ore and rock in the deep engineering area,as well as the in-situ stress as-
sessments. Consequently , the form of the cutting design, blast hole layout, charging structure, and stemming method
inherent to the existing scheme have been optimized in terms of process. Moreover, differentiated blasting schemes
have been devised for various surrounding rock grades. For grade-III surrounding rock ,the “1 +6” burn cut is adopt-
ed to replace the “2 +6” inclined hole cutting of the original scheme. For grade-IV surrounding rock,the “2 +6”
burn cut is adopted to replace the original “1 +4” inclined hole cutting groove. On-site industrial test results showed
that the cyclic depth of the tunnel increased by 0.1 ~0.4 m, the half-hole mark rate of the excavation section in-
creased to 80% ,the average explosive consumption decreased by 15% ,and the boulder yield after the test decreased
to 8% . The research results indicate that adopting the “parameter optimization and process adaptation” technology
and carrying out graded blasting design and construction based on surrounding rock conditions can significantly im-

prove the blasting effect of roadway excavation in deep and high in-situ stress environments, thereby reducing costs

and increasing efficiency for mining enterprises.
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Table 1 The blasting effect of the original excavation plan
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. . . . Blast hole Detonator used
Surrounding Cutting Hole Explosive Cyclic o Powder factor/ . .
. utilization 4 in unit volume/
rock grade pattern count consumption/kg  advance/m (kg - m™) 3
rate/ % (pes *m™)
il| “2+6” 48 +6 96 2.6 86.1 2.76 1.38
I\ “1+4” 50 +4 90 2.4 79.1 2.80 1.49
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Table 2 Comparison table of explosive grading parameters

‘A2 5] Rock class | Il 1
| 6 i . [EEgaE) \I/\u.n R A 6 1Ly . — . = . o . .

] Hard rocks ; granite ,
Representatlve rocks . . .
porphyrite , amphibolite ,

Moderately hard rocks : dolomite
) Soft rocks ; marl,
limestone , marble , sandstone & .
schist , etc.

basalt, etc. conglomerate , shale , etc.

SRS Tt IR HEMETERIR I PERIR
Failure characteristics Brittle failure Quasi-brittle failure Plastic failure
A5 Rock grade 1 2 3 4 5 6

A BBHST
Rock wave impedance/ 16 ~20 14 ~ 16 10 ~ 14 8~10 4~8 2~4
[ x10°kg/(m* - s) ]
L 7 1 L "
AhREERR() 15 ~20 10 ~15 5~10 3~5 1~3 0.5~1.0

Rock firmness coefficient
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Table 3 Measurement results of principal stress at some measurement points
W Wy RKKTENN e, BHENA e, SRR o
Measuring Burial Maximum horizontal Vertical Minimum horizontal
point depth/m principal stress/MPa stress/MPa principal stress/MPa
1# 846 27.02 23.87 18.95
2# 1104 40.15 32.92 26.12
3# 1209 38.29 34.49 24.16
44 1270 36.17 31.79 23.68
S# 1276 38.78 34.32 25.56
6# 1276 39.25 35.21 25.87
T# 1426 39.14 34.64 29.49
8# 1612 48.83 42.35 30.42
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Fig. 4 Design drawing of “1 +6” burn cut smooth blasting
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x4 “1+6” HRBEXAERHESH
Table 4 “1+6” burn cut smooth blasting parameters
s " MR 5% MREc2h & g 4 R
AT A ) jamres  famgen O ORSER RIGENEeim e
Cartridges Single-hole X
Hole type Hole number Hole count Total charge/kg Delay time/ms
per hole charge/kg
FiEHR Cut hole 1 1 9 2.7 2.7 0
25 I} Relief hole — 6 0 0 0 —
SR e B AR 8,9 2 9 2.7 5.4 150
Cut assist hole 10,11 2 9 2.7 5.4 250
T E IR 12 -15 4 9 2.7 10.8 350
Main blasting layer 17,18,20,21 4 7 2.1 8.4 450
auxiliary hole 16,19 2 7 2.1 4.2 440
JCHRZHBIR 22-24,28-30 6 5 1.5 9 600
Perimeter trimmer
25 =27 3 5 1.5 4.5 650
assist hole
R 37 -39,
1.
Sidewall holes 47 -49 6 > 3 o 700
JECHR 32 -35,
) 2.1 12.
Baseboard hole 31,36 6 7 6 800,900
TRHR Top plate hole 40 -46 7 1.2 8.4 900
4t Total / 49 / / 80.4 /
x5 “2+6” ERMEXEBRESH
Table 5 “2 +6” burn cut smooth blasting parameters
S « HAIRAE B IR 5 S .
JAIA ) wirs e oo BH RIS e mn
Hole type Hole number Hole count 8 8 Total charge/kg Delay time/ms
per hole charge/kg
TSR Cut hole 1,2 2 9 2.7 5.4 0
23R Relief hole — 6 0 0 0 —
SR B 9,11 2 9 2.7 5.4 150
Cut assist hole 10,12 2 9 2.7 5.4 300
R B R 13 -16 4 8 2.4 9.6 400
Main blasting 18,20,22 24 4 6 1.8 7.2 500
IF iliary hol
ayer atiany 0% 17 19, 21,23 4 6 1.8 7.2 550
HERRERIIIR 25 227 33 35 6 5 1.5 9 600
Perimeter trimmer
assist hole 28 -32 5 5 1.5 7.5 650
IR Sidewall holes 42 —44,52 - 54 6 5 1.5 9 700
JIGHR Baseboard hole 37 —40,36,41 6 7 2.1 12.6 800,900
TiHR Top plate hole 45 -51 7 4 1.2 8.4 900
4t Total / 54 / / 86.7 /

4.2 TARIEHER

R B e Ak S i S R T SR A Ak A
AHFER TS I IV A 0 X B 5T R T 21K
G iE P ' TR A Tl 36, 1 3% i i A oL A 5 B
Gyl an&l 6 (a) (&1 7 (a) , kimk i I ek T AR
Wit E R L anE 6 (b) (/& 7(b) it Hidh /s 4l T
LA S E R R A R SR 6 P, K

KA R AT I B g, P OR H B ikl | X
FEG, HJA AL IR AR B T 80% , A M B
i P H R T 8% o
4.3 HKBWERSH

T AT R s T8 4 2 ' 1 AR I 2 R L
THOLANE 7 B, RO A A i 2 AR A58 R ) 18
GER AL B P b kg T 7 SRAE AR T KRS SR8
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PAFERY RN, YA F T 2.7 m DL R R OR
HEE IO 0 R, A P AR b R 3 B R T,
s I B 1 + 67 T HR$ R ' 1T % B S SR A
FERTTERR R F T 0.1 m, IR R T
3.9% , KEZGAFEFEAR T 0. 46 ke/m’, 545 BAFEFFAR

() R BB I 100 IR A 152 155 L
(a) Layout of boreholes

(b) HR 5 1B T B 1 L
(b) The on-site situation of the

working face after blasting

K6 IMZEAE"+6" HIRMERE I RBESCR
Fig. 6 Smooth blasting effect of “1 +6” burn

before blasting

cut in grade-Ill surrounding rock

T0.15 &/m’ s VB2 + 67 T4 HR F bt 5 1 45 it
R AL RIE R E R T T 0. 41 m, J HR A1
RILE T 14. 7%, MEZGHFERFAR T 0. 42 ke/m’, 7
BHFEFEMLT 0.17 K/m’,

(b) F# W5 B T B L
(b) The on-site situation of the

working face after blasting

K7 VG2 + 67 KRG IR
Fig. 7 Smooth blasting effect of “2 +6” burn

() HRR 746 IR A 5175
(a) Layout of boreholes
before blasting

cut in grade-IV surrounding rock

K6 ITZRURBERAFRWARER

Table 6 Results of tunnel excavation blasting test after process optimization

oy ;o % e L 4 PO L HR ] 58 HE R
Blago) g IR KE2hiHFent FEALAHER PEIRE R Bla:tF hole$ YEZ AR De;-;nator sed
Surrounding  Cutting Hole Explosive Working Cyclic . Powder factor/ .
. utilization _;, in unit volume/
rock grade  pattern  count consumption/kg cycle advance/m (kg - m™) 3
rate/ % (pcs *m )
—1EFF Cycle 1 2.66 88.7 2.33 1.25
- 5 le 2 2. 1. 2.2 1.22
m “146” 4346  80.4 B3R Cyele 3 o1.0 7
=1l Cycle 3 2.71 90.3 2.29 1.23
PEIRF1 Cycle avg  2.70 90.0 2.30 1.23
—{E¥ Cycle 1 2.77 92.3 2.42 1.34
v “2 46" 48 +6 86.7 “AEFR Cycle 2 2.84 94.7 2.36 1.31
=ABER Cycle 3 2.83 94.3 2.37 1.31
MEFRFE-5 Cycle avg 2.8l 93.8 2.38 1.32

®7 IZRUATEEEREEFENNBERILL

Table 7 Comparison of roadway excavation and blasting test results before and after process optimization

s - S b " Srrre e JWIRAI R K25 0E HERAE
FELA 20 Akl fA fatpEa % MEZGiNRER JEIRIER * ™
. . . I Blasthole Powder Detonator used
Surrounding  Before and after Cutting Hole Explosive Cyclic . . .
Lo } utilization factor/ in unit volume/
rock grade optimization pattern count consumption/kg advance/m o N .
rate/ % (kg-m™) (pes-m™”)
AL AT Before “2+67 483 +6 96.0 2.60 86. 1 2.76 1.38
I fifbf5 After “146” 43 +6 80.4 2.70 90.0 2.30 1.23
2k S
. xﬁlifmﬂ‘ / 5 15.6 0.10 3.9 0.46 0.15
Efficiency improvement
AL A Before “1+4” 50 +4 90.0 2.40 79.1 2.80 1.49
WV fefk)5 After “2+6”7 48 +6 86.7 2.81 93.8 2.38 1.32
A S FE
Sl 0 3.3 0.41 14.7 0.42 0.17

Efficiency improvement
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2025 4E 12 A

5 %#ig

1) BEXHEAR IR R ™ ) 1500 m ZRFR L
B AR i UL R 52 Al R A S B AR 1
B G T PR BSOCR AN FRAE A PR R RO AR TR 25 T
PEXERT, B T 2 0 al A 5 1o i 4
SRR T 20T 1RO, OF R GEvE R T )
PR T2 RN T 22 5L B 6 o SRR AR 5
S MPFERHAIL + 67 FIt 25 AU 2 + 67 1
REEs e, SR LA PR e BRI am Ak B b T80 5
VIFIAR 2 + 67 2 AR A5 U1 +47
AL TR A A, 3 DR 24 e LU i Sk il e
YERIZCR o

2) Tolb B 45 R ik 1 Ak fi 2 48 a7 %
1 B , AR ) 0 75 S A i R R BCR , DAL T
EIEAERGIERTE 0.1 ~0. 41 m, FHRIE R H
2 80% , KEZ4 AL T- KRR 16% , MR Al R BRI
2 8% , SEHL T TR NN PR R AR E R AR
W B Y R R S T

3) WRFELE AR« Ji 18 e R 1) A3 5 AN =)
BIR F2he 244 M HIR ] 1 45 B — S R 8, T B
AR N PR A SR T, JE A SRR
-T2 BRI 2 BT P s O A F Rl 45 4 5
BRI T2, AT R R AR BB AR M R Sl 2
FEREA IR
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