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* Instantaneous high-energy event where a solid or liquid

is converted to a gas under high pressure and heat

« Three rates of exothermic (energy-releasing) events

: Rapid burning

Rapid production of gas with subsonic blast  wind

ation :  Rapid production of gas with supersonic blast  wave

— However, these terms have other definitions as well

« Unconventional explosions:

« Conventional explosions:

Nuclear explosions
The Nin CBRNE

Non-nuclear explosions
The E in CBRNE

amite when mixed with stabilizer)

(a very unstable white organic peroxide)

TNT (yellow insensitive crystals that can be melted wit hout detonating)

Nitrocellulose  (a variably nitrated polymer that can be alow ora  high explosive)

jum nitr

F".’.ﬁ;

ate +charcoal +sulfur )

(metal [Al or Mg] + strong oxidizer [e.g., um chiorate or perchl

Ammonal (ammonium nitra

(pe

+aluminum  stearicacid  TNT)

m chiorate + red phosphorus  + sulfur )

(highly reactive fuel [ nitro ]+ strong oxidizer [ ch
ium nitrate  + fuel oil ) 3

il + either chlor

(organic materials

or

iquid oxygen )

$
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State the various types and effects of conventional explosions
Discuss the clinical management of blast casualties

Discuss thlighgssig#administrative management
of blast cagtiticS

Projectile

— An object (e.g., bullet, round, shell) designed to be fired

Propellant
— A material used to move an object
by applying a motive force
Ammunition , munition

— [The assembly of] a projectile and its propellant

Explosive

— A compound or mixture which, upon the application o f heat or shock,
decomposes or rearranges with extreme rapidity,
yielding much gas and heat

Explosives (and explosions) can be categorized by
the relative speed of the expanding pressure wave

Low-energy (low-grade, low-yield) explosives
High-energy (high-grade, high-yield) explosives

Shockware
P
H
H
“—

Erplosion
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Low-grade (low-yield, low-order) explosives (LE)
— Often relatively unstable
— Require confinement and heat for ignition
— Ignite and then burn rapidly; cannot support a deto nation wave
wind , but hig nel still possible

High-grade (high-yield, high-order) explosives (HE)

B ) +bl

Initiating, or primary, explosives
« Detonate after a mild shock; very sensitive

Detonating (secondary, base) explosives
« Require trauma or shock, and then detonate at super  sonic speeds
+ Somewhat more stable than low-grade explosives

Tertiary explosives (blasting agents)
« Require an intermediate explosive booster of second  ary explosive

Fuel-air explosives (FAE)
Thermobaric e:

% $3"

* May be used to spread chemical or radioactive materials
(or even, with low-yield explosives,  biological materials)

» May significantly impede scene access and egress and
may have a significantimpacton first-responder capabilities

*Three blast zones
— Blast epicenter (kill zone)
— Secondary perimeter (critical-casualty zone)

— Periphery (walking-wounded zone)

%"&(2 )2)(2
o # Jry

Nitrostarch [ | Ammonium nitrate  (NH,N
trostar el Ammonium nitrate  (NH,NO;)
Amatol 80/20 (NH,NO; + TNT)

Ammonal (NH,NO, + TNT + Al)
ANFO (NH,NO; + fuel oil)
Black powde: < RDX (cyclotrimethylenetrinitramine)
High Melt Explosive)
TNT (trinitrotoluene)
Pipe bombs s Nitroglycerine
Ei - - PETN (pentaerythritetetranitrate)
Composition B (TNT + RDX)
Composition C-3 [ te]

Smokele:

solid rocket fuels

Composition C-4  (RDX + plasticizer)
Tetrytol
Tetryl
P
amite
elatin dynamite

Ammonia dynamite

u$)

Dust

Electrical transmission equipment

— PCB exposures

Overpressure systems
— Steam lines and tanks

— BLEVEs
(Boiling Liquid Expanding Vapor Explosions)

Fragments tan
tra
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« Secondary perimeter

(critical casualty zone)
* Blast epicenter (kill zone)

— Survivors suffer multiple injuries
— Highly lethal: survivors (if any) probably mortally injured — Requirements
— Technical rescue capabilities and extrication requi red

— Advanced life support/ definitive medical interven tions

High victim-to-care-provider ratios

% $ +

. ) Physical trauma
Blast periphery (walking-wounded zone) Y
— Fractures
— Non-life-threatening injuries ~ and psychogenic trauma
) — Respiratory compromise
— No rescue required
— Injuries to soft tissue and internal organs
— Self help , first aid , and basic life support (BLS)

. - X ) — Internal and external blood loss with shock
— Minimal victim-to-care-provider ratios

— Burns

% $(+" )
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« Direct damage from supersonic blast wave ¢ Mechanisms: Spalling , implosion , and inertia

* Energy wave moves through body and organs, — Spalling : The transfer of the shock wave from a dense medium
damaging organs and tissues that have air and fluid (e.g., liquid , liver, muscle ) to a less-dense medium

(e.g., air in the gastrointestinal tract and lungs)

— Implosion : The compression of gas-filled spaces
from high pressure in the surrounding fluid or solid tis

— Inertia : Shearing and tearing forces
from tissue-density-related changes
in acceleration and deceleration rates
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¢ Spalling, implosion, and inertia

/
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— Processes whereby blood and non-compressible tissue

are forced by the blast pressure into air-containin

— Two mechanisms for hemorrhage

gtissue

« Blood is forced from the  vasculature into the air spaces

« Blood is forced from the  air spac

% $(+' )
- 5 67

into the surrounding tissue

¢ Eardum rupture and injury to CN VIII (acoustic nerve)

common in fatalities
« Those with these injuries
are often killed by other blast effects
— Variable incidence (up to 40%) in survivors
« A marker of more serious injury?
« Pharyngeal petechiae may be better
— Secondary and tertiary blast effects
are also present in varying degrees

Tear in tympanic membrane (eardrum)

% $(+" )

Pathology

— Pulmonary barotrauma
(blast lung injury, “blast

- Pulm
+ Free-radical

Acute gas embolism (AGE ), especially in
Intestinal barotrauma (especially with und

Acoustic barotrauma

hout rupture
or dislocation of ossicles in middle ear
Mild traumatic brain injury (MTBI)

ve difficult to distinguish from concussion or

$
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Affected organs

— Lungs s, brain, heart, bowel , and tes

Blood in these organs is pushed and pulled
into air spaces and tissues

Air within hollow organs is compressed
and then rapidly re-expands

% $(+' )
- 5 67

* Modifying factors
— Geometry of the area in which the explosion occurs

— Position of victims  in relation blast wave

— Surrounding substances
* Body armor

* Water

% $(+" )
5

« Injury from flying debris thrown

« Lacerations , fractures , other injuries
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Incidence of blast lung: 2%-20%
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into immovable object
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— Stop all activity




/

HE" W% %S

’o,..

$




/

HE" W% %S

’o,..

$




/ (B
45" 9% %% 8§ L3

’o,.. ‘o,..
’o,.. ‘o,..
‘o,‘.




