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Shock wave energy for rock fractures geperation
(2 to 25% of total explosive energy)
RS y70 NTITH

Bubble or heave energy for rock fractures
propagation and movement of fractured rock

(approx. 40% of total explosive energy) v nirxnand

Noise, heat and other wasted energy

(approx. 40-60% of total explosive energy)
In case of properly confine the explosive charge A'IR 9T

Volume of expanding explosive gaseous products
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Table 1. Some major AN accidents
Year, Place Substances involved Effects
1921, Oppau - Germany (NH4)2S04/NHsNO3 Explosion
1947, Canada NHNO3 Fire
1947, Texas City - USA NHsNO3(pure)/NHsNO3-sulphur Explosion
1954, Finland (ship) NHsNOs/paper/copper acetoarsenite Fire followed by explosion
1994, Sergeant Bluff - USA NHsNO3 Explosion
2000, Aunay-Sous-Crecy - France NHsNOs/organic materials Decomposition of AN
2001, Toulouse - France NHsNO3/sodium salt of Explosion

dichloroisocyanuric acid (SDIC)

Melting 169 eC

Boiling 210 2C

Deflegrate 325 2C (confined)
Detonation >260 ¢C

(confined and high heating rate)

reaction coordinate
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INCOMPATIBILITIES: Acetic acid, Acetic anhydride + nitric acid, Acids, Alkali metals,

Aluminum powder, Aluminum chloride, Ammonia, Ammonium chloride, Ammonium

Pyrite
dichromate, Antimony powder, Barium chloride, Barium nitrate, Bismuth powder, Brass

powder, Cadmium powder, Calcium powder, Calcium chloride, Charcoal, Chlorates, Chloride
salts, Chromium powder, Chromium (VI) salts, Cobalt powder, Copper powder,
Cyanoguanidine, Fertilizers, Flammable liquids, Hydrocarbon oils, Iron Powder, Iron(ll)
sulfide, Iron(Ill) chloride, Lead powder, Magnesium powder, Manganese powder, Metal
powders, NaOCl, Nickel powder, Nonmetals, Oils, Organic fuels, Organic matter, Phosphorus,
Potassium powder, Potassium chromate, Potassium dichromate, Potassium nitrate,
Potassium permanganate, Reducing materials, Sawdust, Sodium, Sodium chloride, Sodium

perchlorate, Stainless steel powder, Stearates, Sugar, Sulfur, Tin powder, Titanium powder,

Trinitroanisole, Urea, Water (hot), Wax, Zinc powder.
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Twmmam Explosive Temperature of ignition via Temperature of thermal
v hot spots ignition
Primary explosive
O Tetrazene ~430 140
0 Mercury fulminate ~550 170
Lead styphnate 430-500 267
ol d styph
g ion Lead azide 430-500 327-360
Secondary explosives
PETN 400-430 202
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Static Shocked
Shock Direction
Interaction of elastic
release wave with
plastic wave
Heat generated or lost
Heat generation Elastic wave Plastic Wave
Reconstruction of interference pattern will
80 micron field of view provide sub-micrometer resolution of
collapse within void
Heat loss
l
i
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Temperature PETN crystal 10 micron
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. 5 The steady state velocity of ANFO for different blasthole diameters
i >

L 3 Blasthole diameter VOD
: z mm m/s
i % 89 3,700
PLy 5 102 3,800
(e (]

2 T 152 4,200
500 mm 5

j —Primer 25x200 mm l ; 270 4'400
150 I 0 1000 2000 3000 4000 m/sec

mm

Effect of inefficient primer. Most of the energy is wasted, as it takes
more explosive in reaching the steady state VOD
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- Asbestos tube confinement
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Distance from initiation point (mm)

Effect of primer diameter on ANFO VOD,

Depth (m)
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Borehole
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Pe_; = po X VODyyjsec X (1 — 0.7125 X po©0%

Pe_;:GPa (1GPa = 10 Kilobar )

Po: gfcm3
VOD: km/sec

L 1,55 * 6.85m/sec * (L— 0.7
P;_j:GPa(1G.

Pot,
VoD

/o

Im/sec
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PI:—J = pﬂ X Vo.kaflSBc X {:1 —_ 0?125 X pﬂﬂ.ﬂll

TNT

Density: 1.55 g/."

VOD:  6.85 km/sec
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Pe—j = 155+ 6.854m/sec * (1 —0.7125 X 1.55%%%) =2.92 GPa = 29.2 KiloBar
Pe_;:GPa (1GPa = 10 Kilobar )

Po:g/cm3
VOD: km/sec

TNT

Density: 1.55 g/..*

VOD:  6.85 km/sec
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Effect of densitv on detonation velocitv for an emulsion exolosive
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Explosive Temperature of ignition via Temperature of thermal
hot spots ignition
Primary explosive
Tetrazene ~430 140
Mercury fulminate ~550 170
Lead styphnate 430-500 267
Lead azide 430-500 327-360
Secondary explosives
PETN 400-430 202
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