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Experimental Study on Critical Detonation Diameter
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Abstract; To address the absence of specialized explosives for mine presplitting blasting and excessive detona-
tion velocity/power of conventional 32 mm emulsion explosives, this study proposed reducing the explosive diameter
to moderate detonation characteristics. By combining critical diameter theory with numerical simulation analysis, a
PVC tube charge model was developed in LS-DYNA. The detonation wave propagation was simulated using ignition-
growth reaction-rate equations and fluid-solid coupling algorithms, with detonation-curve analysis verifying explosive

stability. The BSS-1 intelligent ten-stage detonation velocity meter was employed to measure detonation velocities of
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emulsion explosives of different diameters, thereby enabling the determination of their critical diameter from experi-

mental data. Results demonsirate strong agreement between simulations and experiments ; stable detonation occurs at

14 mm diameter,while failure occurs at 12 mm, establishing the critical diameter range as 12 ~ 14 mm. Additionally,

when the diameter exceeds 14 mm,the detonation velocity exhibits a positive correlation with diameter increase. This

study , cross-validation of numerical simulations and field experiments,identifies the critical diameter range for indus-

trial emulsion explosives in mining applications , offering empirical support for optimizing presplitting blasting parame-

ters and enhancing safety management.
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Numerical calculation model of 12 mm

diameter explosive detonation
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Table 1 JWL equation of state parameters of booster material

p/(kg+m™) D/(m-s") A/GPa

B/GPa R, R, 1)

E,/GPa

1695 8425 854.5

20.493 4.6 1.3 0.25 8.5
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Table 2 JWL equation of state parameters of emulsion explosive unreacted and detonation products

2% Parameters A/GPa B/GPa R, R, wC,/(GPa - K™")
REWYEZS Unreacted explosives  1.028 x10°  -2.53 12.8 3.3 1x107?
FRZZ 774 Detonation products 276.2 8.44 5.2 2.1 3x107*
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Table 3 Model parameters of emulsion explosive

24 A¢IEN 24 AdlEl
Parameters Numerical value Parameters  Numerical value
a 0. 002 d 0.03
b 0. 673 G, 27.957
x 12. 291 e 0.534

G, 116. 502 g 0.63
% 2.026 z 3.918
c 0. 407 1 8.2 x10°

(3)PVC EFHRIRTY

£ LS-DYNA F 5 AR R 2R = MAT
_PLASTIC_KINEMATIC [ 5fy i Ak, 5 28 1 #4 | A5 7
Bl PVC A RS8Nk 4 s

4 PVCHMBSH
Table 4 Parameters of PVC Pipe Material

p/(kg-m™) E/GPa o,/GPa  E/GPa FS
1400 3 0.05 0.03 0.25
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Table 5 Parameters of the air equation of state of explosives

p/(kg+m™) (o C, C,

C, c4 Cs Ce E

1.20 0 0 0

0 0.4 0.4 0 25
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Fig. 2 The change trend of detonation pressure time history curve of explosives with different diameters
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Table 6 Detonation of each group and detonation velocity of measuring points

1 ~2 ki 2 ~3 g 3 ~4 gifgl - 2yt Pz
=2 Detonation velocity ~ Detonation velocity ~ Detonation velocity ~ Average detonation D > ﬁ,
Number of 1 ~2 points/ of 2 ~3 points/ of 3 ~4 points/ velocity/ ctonation
-1 -1 o 5 status
(m-s™) (m-s™) (m-s™) (m-s™)
1 3512 3150 2680 R s
1 3180 2650 * 2950.33 Unstable
1 2530 % % detonation
2 3465 3603 3557 s
2 3490 3580 3530 3527.22 Stable
2 3440 3560 3520 detonation
3 4137 4140 3956 s
3 4110 4120 3580 ( ) 4085. 63 Stable
3 4155 4130 3937 detonation
4420 4359 4435 s
4400 4366 4385 4399.33 Stable
4438 4370 4421 detonation
5 4551 4588 4665 s
5 4563 4595 4657 4601. 67 Stable
5 4548 4577 4671 A
Y R I
x7 HEENSIIHIREIRE
Table 7 Numerical simulation and field test detonation velocity
ot U T ‘
4524 4% A S T %
Simulating Average detonation . . :
Charge . . . Differentials/ Relative
. detonation velocity/ velocity of test/ B
diameter/mm o _1 (m-+s™) error/ %
(m-s™) (m-s™)
14 3620.8 3527.22 93.58 2.65
16 4152.5 4085.63 66. 87 1.64
18 4483.7 4399.33 84.87 1.92
20 4670.4 4601. 67 68.73 1.49

12 mm BRI A2 4

12 mm diameter explosive residual cartridge

Kl 4
Fig. 4
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B HBTE IR A EARTE 12 ~ 14 mm Z[H],
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AW 8 1 BOE RS P 371 56 A0 45 5 i
2B TR LR A LA KE 24 I R SR AR
il it LS-DYNA 57 5 FlOR[A] BLAR KE 254 25 1)
BUE AR 43 B AN [R] AR K 24 (R 4 32 I AL 4
P, 456 P76 45 A5 DA R 4518

(1) ESIR R £ 3R 0, B2 =14 mm B, 7R
HH LY P REE AL R R AE < 45 W I 5 R ) DG (B A VR B
R FEFEETE 4.4 ~5 GPa, HUETE 2Edi F A — 3,
UF SR S5 Ab 2 SO X 45 4 52 28, N 1) 5 8 9 TP vl
o MEAW/NE 12 mm B, FE 7 U AE % 7 1)
SR, WY AL, T BRSNS BUR N X RE
PRI TC I AMEN 1) BE £ FE 1, 28 1107 5 | & b S5 R I3 1Y
YRR

(2) HAE 14 mm JZ DL B4, HAs B 251l
TE 150 m/s Ze A, P35k il EL ARG I b 1, 75 5
FRE MR ZE 0P E bR e o 12 mm BLARZE 2 I LAY
(A AT 35 AT 4500 T el il B 3, HLZ2 K
AR B PVC B P HE 24 oK 58 3 25 i HE A
M% IR AEERZ, 12 mm K TIZVEZTES
FEA R R ROE LR B NEAR . IR R S
AT Fe AW A, Holfi A AR FE 12 ~ 14 mm [ X
B P o

(3) Ly 2541 % FLALKE 2511 AL B AR5 i i 3%
TCAFAAE TS, M 24 K3 35 Dl 0 1) g A RE TR 502
A BN 7 ~ 10 em; ] 2 mm J& PVC 4 2 LI,
AT T A RS 00 o) R RO U/ R U U, il
AR ZE 12 ~ 14 mm, AFRE SiE R RS
IEAH I, 3 2 50 24 R BE AR 22 Dk RE R B FE , #2771
SRR M R K A E ARSI
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