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Explosions

Chapter 19 Explosions

Mechanical explosions
{physical)

Chemical explosions

|
1 _U_m'form teactions I

o usually occurs from the original heat that caused the
or. from another electrical or mechanical source.
mon éxample of a BLEVE that does not involve an
e liquid is the rupture of 2 steam boiler. The energy
is the pressurized steam. Additionally, 2 BLEVE may

m everfilling, runaway reaction, vapor explosion, or
fiical failure.

hemical Explosions

nical explosions are those in which a chemical reaction is
source of the high-pressure gas and the fundamental chemi-
ture of the fuel is changed. Although chemical explosions
nvolve solid combustibles or explosive mixtures of fuel
n oxidizer, most typical®are the propagating reactions that
glve gases, vapors, or dust mixed with air.

! Propagating reactions I -

[

l Thermal explosion h '

§ ] '
I Detonation ] Deflagrations I

B Combustible Explosions

The most common chemical explosions are those caused by
the burning of combustible hydrocarbon fuels. A combustion
explosion is characterized by the presence of a fuel (such as
dust) with air as an oxidizer. The elevated pressures are created’
by the rapid burning of the fuel and the rapid production of
combustion byproducts and gases. The velocity of the flame front
propagation through the fuel determines whether the combus-
tion reaction is classified as a deflagration (less than the speed of
sound) or detonation (faster than the speed of sound).

Uniform reactions occur motre or less equally throughout
the material and include ordinary chemical reactions that form
gaseous products at a rate faster than they can be vented. Propa-
gating reactions initiate at a specific point in the material and
propagate as a reaction front through the unreacted material.

Thermal explosions are the result of exothermic reactions
occurting within confinement without provisions for dissipating
the heat of reactions. This can accelerate to the point at which
high-pressure gases are generated and an explosion occurs,

A deflagration is a reaction that travels through the air
(propagates) at subsonic velocities, several feet per second.
A deflagration can be vénted successfully. A deignation is a
reaction that propagates at supersonic velocities, mote thari 1100
feet per second (335 meters per second).

The difference between a detonation and a deflagration is
the magmtude asto pressure versus time for the system mvolved

Subtypes of combustion explosmns are clas51ﬁed as Hamma~
ble gases, vapors of ignitible (flammable and combustible) liquids,
combustible dusts; smoke and flammable products of incomplete
combustion (such as in a backdraft explosion), and aerosols.
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foverpressure such as displacement or buiging of wails, floors,
ilings, doors and windows, roofs, structural membezs, nails,
rews, utility service lines, panels, and boxes. Also analyze the
extent of heat damage 1o the structure and its components {o
determine whether the damage can be attributed to fire alone.

etermining High- o Low-Order Damage
e investigator should determine whether the damage indicates

921 to assist in the classification of the type, quantity, and mix-
ture of the fuel involved.

ldenﬂfying Seated or Nonsgated Exp!osion

The investigator should determine whether the explosion was
seated or nonseated. Review Section 21.6 of NFPA 021, which
will assist in ¢lassifying of the possible fuel involved.

Identifying the Type of Explosion
Identify the type of explosion involved: mechantcal, chemical,
other chemical reaction, or BLEVE. :

identifying Potential General Fuel Type

Identify the types of fuel that were potentially available at the
explosion scene by identifying the condition and location of
uility services (fuel gases) and sources of ignitible dusts or hq—'
uids. Analyze the nature of the damage in comparison to the
damage patterns consistent with the following: lighter-than-air

gases, heavier-than-air gases, liquid vapors, dust, explosives,
backdrafts, and BLEVEs.

Establishing the Origin

Attempt to establish the origin of the explosion as soon as
possible. The origin is usually identified as the area of most
damage—a crater or localized area of severe damage in the case
of a seated explosion. If it is a diffused fuel-air explosion, the
origin is consistent with the confining volume or roorm of origin.

Establishing the Fuet Source and Explosion Type

dentification of the fuel source begins by determining the
ypes of fuel that were available avthe site through locating and
then inspecting utility services (especially fuel gas), production
yproducts such as dusts or particles, and any ignitible liquids
resent for any reason. Damage at the scene is compared with
typical damage patterns of lighter-than-air gases, heavier-than-air
ases, liquid vapors, dusts, explosives, backdrafts, and BLEVEs.

Establishing the ignition Source

Attempt to identify the ignition spurce by looking for potential
- sources, including hot surfaces, electrical arcing, static electricity,
. open flames, sparks, and chemicals in which fuel-air mixtures
: are involved. If explosives are involved, the ignition source
- may be a blasting cap or pyrotechnic device. Be sure to note
artifacts from the ignition sources that may have survived the
s explosion.

Detailed Scene Assessment

© After obtaining the general information from the initial scene
- assessment, a more detailed study of the blast damage is recorn-
- mended using the tasks that ave listed later here (the investigator
shouid record all findings).

gh-order or low-order damage, Review Section 21,3 of NFPA.

Chapter 19 Explosions

Effects of Explosion
A detailed analysis of the explosion overpressure damage should
be made. The articles that are damaged should be identified as
having been affected by one or more of the following forces: blast
pressure wave—positive phase, blast pressure wave-negative
phase, shrapnel impact, thermal energy, and seismic energy.

. The investigator should examine the type of damage as to
whether the debris was shatteted; bent, broken, or flatiened as
well as a chan ge in the pattern. At a distance from a detonation
exploswn center, the pressure rise is moderate, and the artifacts
resemble those of a deflagration explosion. ltems in the imme-
diate vicinity of the detonation center exhibit splintering and
shattefmg

The scene should be examined carefully to identify any frag-
mienis of foreign material. Estimation of damage from an explo-
sion includes the maximum pressure of the explosion compared -
with the construction of the structure. A light-framed structure
can be damaged with much less overpressure than a reinforced
structure, for example.

Review Tables 21.13.4.1.4¢a) and 21.13.4.1 4(b) in NFFA.
921 Lo assist in estimating the peak blast overpressure from the
structural damage.

. Damage 1o personnel from explosion blast ; pressures is isu-
ally a result of acceleration in the high-velocity air sieam with
subsequent 1mpact against a rigid surface, rather than compres-
sion in the girwave itself. More information on blast injuries can
be found in Chapter 21, Fire and Explosion Deaths and Injuries,
in this textbook. Some Lhresholcl values for physiological effects

are shown in Table 21.13.4.1:4(a) from NFPA 921.

Preblast and Postbiast Damage

Debris that has been burned and propelled away from the point
of origin may indicate that a fire preceded the explosion. Glass
{ragments with smoke residue and soot found some distance
from the structure may indicate a fire of some duration followed
by an explosion. Glass fragments that are clean and debris that
is not burned but {found some distance from the structure may
indicate an explosion prior to the fire,

Articles of Evidence
The method used docwment scene artifacts may include locat-
ing, identifying, noting, logging, photographing, and mapping
of physical evidence.

The probability of physical evidence being propelled both
inside and outside of the structure may result in the evidence
being found imbedded in walls, resting in adjacent vegetation,
inside adjacent structures, and within the body and clothing of
victims. Photographs must be taken of the injuries to the victims
as well as any materials removed from them during medical treat-
ment. Hardhats, gloves, boots, and respirators as well as clothing
and materials removed from the victims should be preserved for
further examination.

The condition and position of damaged structural
components—walls, ceilings, floors, roofs, foundations, sup-
port columns, doors, windows, sidewalks, driveways, and

patios—should be noted. The condition and position of

buildings contentsFuch as furnishings, appliances, heating or
cooking equipment, manufacturing equipment, clothing, and
personal effects should also be noted.
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Chapter1y Explosions

-

Chemical explosions ]

C

- Yniform reactions .

~vaper usually oceur :
BLEVE or from ane ¢chanical source.

s not involve an
: soiler. The energy
e dditionally, a- BLEVE may
result from:ove Y redction, vapor explosion, ot
mechanical {ailure. '

& Chemica( Explosions

Chemical explosions are those in which a chemical reaction is
the source of the high-pressure gas and the fundamental chemi-

cal nature of the fuel is changed. Although chemical explosions
can involve solid combustibles or explosive mixtures of fuel
and an oxidizer, most typical are the propagating reactions that
involve gases, vapors, or dust mixed with air.

Fropagating reaction__s % .: o

1

Thermal explosion ]

that caused.the

1

i Detonation i i Deflagration '

# Combustible Explosions

The most common chemical explosions are those caused by
the burning of combustible hydrocarbon fuels. A combustion
explosion is characterized by the presence of a fuel (such as
dust) with air as an oxidizer. The elevated pressures are created

by the rapid burning of the fuel and the rapid production of

combustion byproducts and gases. The velocity of the flame front
propagation through the fuel determines whether the combus-
tion reaction is classified as a deflagration (less than the speed of
sound) or detonation {faster than the speed of sound). '

Uniform reactions occur more or less equally throughout
the material and include ordinary chemical reactions that form
gaseous products at a tate faster than they can be vented. Propa-
gating reactions initiate at a specific point in the material and
propagate as a reaction front through the unreacted material.

Thermal explosions are the result of exothermic reactions
occurring within confinement without provisions for dissipating
the heat of reactions. This can accelerate to the point at which
high-pressure gases are generated and an explosion occurs.

A deflagration is a reaction that travels through the air
{propagates) at subsomic velocities, several feet per second.
A deflagration can be vented successfully. A detonation is a
reaction that propagates at supersonic velocities, more than 1100
feet per second (335 meters per second}. : o

The difference between a detonation and a deflagration is
the magnitude as to pressure versus time for the system involved
in the combustion reaction. A sighifeait differénice berween
defiagrationandidetanath : srerand
catmotbevented-bevause of the speedoftherredcion :

Subtypes of combustion explosions aré classified as flamnma-

ble gases, vapors of ignitible (flammable and combustible) liquids, . -

combustible dusts; smoke and flammable products of incomplete
combustion (such as in a batkdraft explosion), and aerosols.
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For Question# 5 ; I would like the Test Review Committee to take the followmg actlon
(please check one or explain in the space pr0v1decl) '

( ) Make A the only correct answer. ( ) Other (please explain below):

{ ) Make C the only correct answer.
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