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History of Explosives

• In the US and Canada alone, more than 6 billion pounds 
of explosives and 75 million detonators are used per 
year  Coal mining accounts for two thirds of consumed year. Coal mining accounts for two-thirds of consumed 
explosives of which more than 80% of it is ANFO

• 668 A D  • 668 A.D. 
"Greek-fire" used in battle

• 850 A D• 850 A.D.
Chinese invent gunpowder

• 1200 A D B ti hi i G k fi i th l t 11th t• 1200 A.D.
Arabian author Abd Allah records use of saltpeter as 
main ingredient of black powder

Byzantine ship using Greek fire in the late 11th century
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History of Explosives

• 1242
English Friar Roger Bacon publishes gunpowder English Friar Roger Bacon publishes gunpowder 
formula

• 1380• 1380
German Franciscan Monk, Berthold Schwarts 
developed gunpowder and its use in guns

• 1675
First powder mill in U.S. constructed in Milton, Mass.

• 1750
American inventor Benjamin Franklin encases and 

 d  i  t id
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History of Explosives

• 1846
Italian chemist Ascanio Sobrero discovers Italian chemist Ascanio Sobrero discovers 
nitroglycerine

• 1863• 1863
Wilbrand invents Trinitrotoluene (TNT)

• 18641864
Swedish inventor Alfred Nobel develops

first detonating blasting cap
Alfred Nobel

g g p
• 1866

Swedish chemist Alfred Nobel invents dynamite by 
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History of Explosives

• 1875
Nobel patents blasting gelatin

• 1888
Nobel invents ballistite, a dense smokeless powder

• 1902
Detonating cord introduced in Europe

• 1907
Consumption of black powder in U.S. more than 287 
million poundsmillion pounds
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History of Explosives

• 1914
Fifty-one mile Panama Canal opens, largest engineering 
project to date  using more than 67 million pounds of project to date, using more than 67 million pounds of 
dynamite

• 1938• 1938
Modern PETN-filled fabric-covered detonating cord 
introduced in U.S. 

• 1940’s
WWII drives propellant and explosives production

• 1990’s-present
Current drive to develop “green” explosives, more 

t bl  bi ti  f i ti  l i
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stable combinations of existing explosives



Classes/Forms of Explosives

• Explosives are classified as low or high by detonating 
velocity and shattering effect  velocity and shattering effect. 

• An arbitrary figure of 3300 fps is used to distinguish 
between burning/deflagration (low explosive) and between burning/deflagration (low explosive) and 
detonation (high explosive).
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Classes/Forms of Explosives

• Low
P ll t  t / k t f l   d  t h i– Propellants, motor/rocket fuels, gun powders, pyrotechnics

• High (Primary)
D t t  i  h  (PETN  TNT  RDX  HMX  C 4  ANFO)– Detonators, main charges (PETN, TNT, RDX, HMX, C-4, ANFO)

F• Forms:
– Pressings, plastic bonded (machinable), putties, extrudables, 

slurries and emulsions, binary or two component (liquids and , y p ( q
solids), blasting gelatin, liquids, and gases
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Terminology/Physics

• Stress/Strain relationships
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Terminology/Physics

• Sound waves (attenuation)
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Terminology/Physics

• Sound waves (condensation and rarefaction)
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Terminology/Physics

• Shock waves
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Terminology/Physics

• 100 tons detonation
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Terminology/Physics

• Detonation waves
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Terminology/Physics

• Square shock wave pulse

16 Managed by UT-Battelle
for the U.S. Department of Energy Introduction to Explosives



Terminology/Physics

• Attenuation of shock waves 
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Terminology/Physics

• Spallation (surface shattering effects in solid materials)
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Terminology/Physics

• Spallation (surface shattering effects in solid materials)
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Terminology/Physics

• Spallation (the surface shattering of solid materials)
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Terminology/Physics

• Spallation (the surface shattering of solid materials)
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Terminology/Physics

• Brisance (shattering power)
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Terminology/Physics

• Some common explosive numbers

23 Managed by UT-Battelle
for the U.S. Department of Energy Introduction to Explosives



Terminology/Physics

• Brisance (test chambers)
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Terminology/Physics
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Terminology/Physics

• Shaped charges (explosively-formed projectiles)
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Terminology/Physics

• Shaped linear charges
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Terminology/Physics

• Shaped conical charges

28 Managed by UT-Battelle
for the U.S. Department of Energy Introduction to Explosives



Terminology/Physics

• Shaped conical charges
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Terminology/Physics

• Shaped charges
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Effects

• When detonation occurs, 3,000 - 7000 F gases are 
formed in 1/10 000 of a secondformed in 1/10,000 of a second

• Generally, 1 gram explosive = 1 liter and 1200 calories 
heat producedheat produced

• Gases exert ~700 tons psi on the atmosphere (at point 
of detonation) of detonation) 

• Velocities up to 13,000 mph or 29,900 fps
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Effects

7000 lbs 
ANFO
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Effects

1000 lbs 
shaped 
charge
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Effects
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Effects
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Defeat
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Defeat
• Distance is the best defense in an explosionDistance is the best defense in an explosion
• Detection of explosives as far away from buildings and 

people as possiblepeople as possible
• Deaths/Injuries caused by fragmentation in buildings 

and vehicles; survival is much greater in the open; g p
• Flat surfaces perpendicular to the blast capture more of 

the energy of shock waves and shaped chargesgy p g
• BFRs, sandbags, avoidance, and multiple layers of 

armor
• Jamming, Ion disrupters
• New window films  applied materials/liners
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New window films, applied materials/liners



Conclusion

• Questions?
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