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Study on Transmission Distance of Emulsion
Explosives under Constrained Conditions
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Abstract; In mine excavation blasting engineering , smooth blasting typically uses detonating cords to transmit the
explosion. This process has low construction efficiency, consumes a significant amount of blasting equipment ,and in-
creases the mine's production costs. To solve this problem,the sympathetic characteristics of explosives can be uti-
lized to initiate detonation within holes. A research method that combines experiments on emulsion explosives’ sym-
pathetic detonation under various confinement materials with numerical simulations of the sympathetic detonation
process in rocks is adopted. By analyzing the impact of confinement conditions , decoupling coefficients ,and other fac-
tors on the sympathetic detonation distance of explosives,the stable sympathetic detonation distances of emulsion ex-

plosives with varying diameters and lengths in boreholes are identified. The conclusions are as follows: confinement
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conditions significantly influence the sympathetic detonation distance of explosives,with improved confinement resul-

ting in a greater sympathetic detonation range. Under a specific radial uncoupling coefficient,the diameter of the ex-

plosive exerts a minor influence on the sympathetic detonation distance , which increases as the charge diameter enlar-

ges. Additionally, the sympathetic detonation distance diminishes with an increase in the radial uncoupling coefficient

and extends with the length of the explosive charge. Industrial trials were conducted to verify the findings, with the

explosive spacing set at 70 cm. The results indicate that,in comparison to the conventional construction method utili-

zing detonating cord ,the cost of blasting materials for smooth blasting in roof holes was diminished by 33.1 yuan per

meter , representing a reduction of 36.1%.
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Table 1 Different pipe material parameters
o b6/ B/ B/ MPa i/
Pipe material Outer diameter/mm  Wall thickness/mm Tensile strength/MPa  Melting point/°C
PVC & 42 2.0 1 185 ~205
PVC pipe 52 2.0 1 185 ~205
PR 42 2.0 410 1520
Galvanized iron pipe 52 2.0 410 1520
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Table 2 Experimental explosive parameters

/(g em™) HA/mm K/ mm JRtE/g PR/ (m-s™")
Density/(g + cm ™) Diameter/mm  Length/mm  Mass/g  Detonation velocity/(m + s~")
1.15 27 230 150 3900
115 35 270 300 4000
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Table 3 Experimental schedule

P ALIES

Influencing factors

SRR

Experimental materials

A F KM

Constraint conditions

T A R R

Radial uncoupling coefficient

Tk s R

Diameter of the explosive cartridge

B 42 mm (1 PVC EMPERESA , HAZ 27 mm (9 FLALLES
PVC pipe and galvanized iron pipe with a diameter of 42 mm,
and emulsion explosive with a diameter of 27 mm
HAR 42 mm 52 mm BOPERFRRAY , BAR 27 mm BOFLALKEZY

Galvanized iron pipes with diameters of 42 mm and 52 mm,

and emulsion explosive with a diameter of 27 mm

AR 42 mm 52 mm (BEREERAY , B4R 27 mm 35 mm AFLALKEZY
Galvanized iron pipes with diameters of 42 mm and 52 mm,

and emulsion explosives with diameters of 27 mm and 35 mm
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Fig. 2 PVC pipe after explosion test
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Fig. 3 Galvanized iron pipe after explosion test

K4 EREsk B LI

Fig. 4 Emulsion explosive residue on pipe wall
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Table 4 Experimental results of sympathetic detonation under different constraint conditions

B [F] i 25/ cm PR LG ETIRET R
Pipe Spacing distance/cm  Results of sympathetic detonation of the receptor cartridge
10 FE At 4R
PVC % Complete sympathetic detonation
PVC pipe A ofe 22 J
15,20 .25 .30 .40 AT ,
No complete sympathetic detonation
30.40 .60 .80 ﬁ;é%—“% .
PR Complete sympathetic detonation
Galvanized iron pipe Yok 52 4 B 1

85.90

No complete sympathetic detonation

1.2.2 126 RABE 7 ATV 26 7015 3E B 09 % v
PR SC AT R0, BLAR 27 mm FLAK R 25 7E H AR
42 mm GEAFERAE P AORSE TR B O 80 em. ELAR

27 mm FUAGKE 2576 AR 52 mm R T SL R
ERANZE S PR

RS FHHBRIBER

Table 5 Results of sympathetic detonation test with diameter of 27 mm

] B iE 25/ cm

Spacing distance/cm

PR EIIRES R

Results of sympathetic detonation of the receptor cartridge

10,20 .30 ,40 45

SEAT AR

Complete sympathetic detonation

50

HA 1 SHR N2 4

Sympathetic detonation occurred only in receptor charge 1
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52 mm [ EEERAE Th TR E TR BE BT 45 em, 3
HAHE A R Eh 1. 41 BR 2 1,78, 55 IE 2
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YBG R, KE 2 5t Fa B B ek /b
1.2.3 255 AR 25 IR 3B & 09 % o8
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Table 6 Results of explosive detonation test with diameter of 35 mm

[F] B HE 2/ cm

Spacing distance/cm

Pk BT E R

Results of sympathetic detonation of the receptor cartridge

10,30 .40 .,50.70 .80 .85

SEAH AR

Complete sympathetic detonation

90

HA 1 S8 N2 4%

Sympathetic detonation occurred only in receptor charge 1

100

EOP STaeyife

No complete sympathetic detonation
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Fig. 5 Numerical model diagram
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Fig. 6 Mesh division schematic diagram of the model
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Table 7 Numerical simulation scheme for sympathetic detonation
LES ) AP JEZG A2/ mm HEREE/em [i8) i E 25/ cm
Scheme number Influencing factors Diameter/mm Length/cm Spacing distance/cm
1-1 22 23 60.80.85 .90
1-2 T A A 27 23 60.80.90 95,100
1-3 Radial uncoupling coefficient 30 23 80 .90 .95 100
1-4 35 23 90.100.105.110
- 27 15 60.70.75 .80
-2 HEKE 27 19 60 .80 .85 .90
1 - Length of the explosive cartridge 27 23 60 .80 90 95 100
2-3 27 27 80.90 95,100,105
=8 HRHERSHIF
Table 8 Material mode parameter table
ZH Parameter #{H Numerical value BAf7 Unit
A1 E Rock density 2700 kg - m~>
YiHI5E F Tensile strength 4.73 MPa
HiJ KGR Compressive strength 65.71 MPa
s B Elastic modulus 20.6 GPa
JAFA L Poisson's ratio 0.25 N/A
Ji AR SR Yield strength 69.73 MPa
PILE A Tangent modulus 168.7 MPa
x99 MEHRIWLRESHESH
Table 9 Explosive and JWL equation of state parameters
p/(kg+m?) V,/(m-s"')  P,/GPa A/GPa B/GPa R, R, w E/GPa
1150 4000 4.6 177 9.9 5.78 2.08 0.3 7
F10 HEEHARMBRFESH

Table 10 Reaction rate equation parameters of explosive being fired

a b ¢ d e f I/P«S_] x y z Gl/(GPaf2 p,s’]) Gz/(GPa’2 p,sfl)
0 0.667 0.667 0.01 0.667 0.667 4.0e4 7.0 1.0 2.0 0.01 0.01
k11 ZERERSHFEFRESH
Table 11 Air and its equation of state equation parameters
p/(kg+m™) C, C, c, C, C, C;s Cq E/GPa
1.29 0 0 0 0 0.4 0.4 0 0.025
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] £=100 ws A [E] £=480 ws A fE] =580 ws  AF[E]7=1060 ws  AFE] =1160 ps
(a) H %22 mm([a] {7 HE 25 80 cm)

a) 22 mm diameter(distance of 80 cm)

B =100 ps I /=600 ps B £=720 ps B /=1100 ps  BFE] 21300 ps

(b) EL42 22 mm([H] ff HE 25 85 cm)

(b) 22 mm diameter(distance of 85 cm)
B =100 ws  HBF[E] /=500 ps  BF[E]7=600 ps  BF[A]/=1040 ps B [E]7=1160 ps

(c) HA%27 mm([8] fEHE S 90 cm)

(¢) 27 mm diameter(distance of 90 cm)
8] £=100 s A} 8] £=640 ps A 8] £=740 s B [E] £=1000 ps  HF[E] £=1400 s
(d) H %227 mm([8] R 2 95 cm)

(d) 27 mm diameter(distance of 95 cm)

oy
(. 111\ [

i [E] =100 s B [H] =500 s Bf[E] =600 us  AfE]7=1060 ps  AF[E]£=1160 ps
(e) HA230 mm([H] FAHE RS 95 cm)

(e) 30 mm diameter(distance of 95 cm)

BFE =100 us  BFE[ =560 ps B E] =660 ps i ] £=960 ps B ] £=1400 ps
(f) H#2 30 mm([8] f&#E S 100 cm)

(f) 30 mm diameter(distance of 100 cm)
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/ & #1Pressure(10-11Pa)
713\ ' \ 2.00e-04
c(}) ‘ 1.86e-04 ]
1.72e-04 _
(0 TR MY Yooy

B /=100 ws  BF] /=500 s Bl £=600 ps Bl £=1040 ps B[] £=1140 ps 144008

1.30e-04 _
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K7 AR EARFLKE 25 AR )RR R AR ) 2 18]
Fig. 7 Simulated pressure cloud diagrams of sympathetic detonation for emulsion

explosives of different diameters at various spacing distances
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Table 12 Simulation results of emulsion sympathetic detonation with different diameters

YEZ H AR/ RmAFEA N e T S R I S/
FRAELE, EERE g o WA 2RSS BB/
mm 2R . X ) Stable sympathetic
. . . Spacing Results of sympathetic .
Diameter/  Radial uncoupling . . detonation
.. distance/cm detonation of the receptor charge )
mm coefficient distance/cm
60,80 YR
) All receptor charges underwent sympathetic detonation
o Lt 4 b 2
2 1.73 85 U SRR 80
Sympathetic detonation occurred only in receptor charge 1
90 B KRG
None of the charges underwent sympathetic detonation
60 80 .90 R AR . .
All receptor charges underwent sympathetic detonation
o Lt 4 b 2 B
97 1.41 95 . /\ﬁ | b%ﬁ?ik’ﬁéﬁﬁ@l% 90
Sympathetic detonation occurred only in receptor charge 1
100 KRG
None of the charges underwent sympathetic detonation
80.90.95 All receptor charges %Bjiékmf% athetic detonati
20 | 97 receptor charges underwent sympathetic detonation 05
100 HA 1 SRR 2y 5
Sympathetic detonation occurred only in receptor charge 1
o 100 52
35 1.09 ' All receptor charges underwent sympathetic detonation 100
83 Der
105,110 AT

None of the charges underwent sympathetic detonation
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Fig. 8 Pressure curves at monitoring points for emulsion explosives with different diameters and spacing intervals
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Fig. 10  Simulated pressure cloud diagrams of sympathetic detonation for emulsion

i)

i [6] £=1400 s

explosives of different lengths at various spacings
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Table 13 Simulation results of emulsion explosive detonation with different lengths

R, [ i 5/ em PR MELGFIRES R T sE PRI/ cm
FEZRKIE/ em . . . .
Lenath/ Spacing Results of sympathetic detonation Stable sympathetic
N, ‘m
cngive distance/cm of the receptor charge detonation distance/cm
B LR BRI A
60.70 . .
All receptor charges underwent sympathetic detonation
15 75 HA 1SR IE255)% 70
Sympathetic detonation occurred only in receptor charge 1
%0 Bt
None of the charges underwent sympathetic detonation
60 80 AR AT AR
19 ' All receptor charges underwent sympathetic detonation %0
R g H
85.90 . .
None of the charges underwent sympathetic detonation
60 80 90 AL T AR . .
All receptor charges underwent sympathetic detonation
2 95 HA 1 SRR NE2554% %0
Sympathetic detonation occurred only in receptor charge 1
R g4
100 . .
None of the charges underwent sympathetic detonation
80 90 95 R TR bR . .
7 All receptor charges underwent sympathetic detonation 95
Rt LR
100,105 AARTR

None of the charges underwent sympathetic detonation
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Pressure curves at monitoring points for emulsion explosives with different lengths and spacing intervals
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Fig. 13 Structure diagram of detonating charge for detonating cord
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Fig. 14 Schematic diagram of explosive charge structure
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Table 14 Comparison of economic benefits in tunneling blasting

TPHRR A RE SRR

i H . . .
: Detonating cord Sympathetic detonation
Project o .
initiation method propagation method
HFEXEZ/ % Consumes explosives/roll 7.9 7.9
YE25 4/ T The cost of explosives/yuan 27.7 27.7
THAE R K JE/m Consumes the length of the detonating cord/m 6.3 0
BRRNA/ TG Detonating cord cost/yuan 33.1 0
THABES B, T84/ Consumes digital electronic detonators/piece 2 2
B, T 558 AR/ JC Digital electronic detonator cost/yuan 31 31
A1t/ IC Total cost/yuan 91.8 58.7
AR /% Cost comparison/% 100 63.9

T 3% 14 Fris ot A4 E— K, TR AL If0 R B0 T T AR AR A R R T

Note:The data obtained in Table 14 are the cost of blasting materials consumed for smooth blasting of roof holes per meter of excavation.
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Half-hole traces formed after

smooth blasting:
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Fig. 16  Smooth blasting result
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