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Ambient temperature

Ambient pressure

Composition of explosive material

Physical properties of explosive material

Nature of ignition source : type, energy, and duration
Geometry of surroundings : confined or unconfined
Amount of combustible material

Turbulence of combustible material

Time before ignition

Rate at which combustible material is released

17: Crowl (2001)



1.1 Detonation and Deflagration
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Peak Overpressure
Of order few atm

Feaction front
Shock front
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[ v 4 1
M3190 3 UAAIAIDEIVDIAINGINY Overpressure HAZANUTIMONAATUADTILIARDY

Pressure Damage

(kPa)

0.14 Annoying noise (137 dB if of low frequency 10-15 Hz)

0.21 Occasional breaking of large glass windows already under strain
0.28 Loud noise (143 dB), sonic boom, glass failure

0.69 Breakage of small windows under strain

1.03 Typical pressure for glass breakage

2.07 “Safety distance” (Probability 0.95 of no serious damage below

this value); Projectile limit; some damage to house ceilings; 10%

window glass broken

2.76 Limited minor structural damage

3.4-6.9 Large and small window usually shatter; occational damage to

window frames

4.8 Minor damage to houses structures
6.9 Partial demolition of houses, made uninhabitable
6.9-13.8 Corrugated asbestos shatters; corrugated steel or aluminum panels,

fastenings fail, followed by buckling; wood panels (standard

housing), fastenings fail, panels blow in

9.0 Steel frame of clad building slightly distorted

13.8 Partial collapse of walls and roof of houses

13.8-20.7 Concrete or cider block walls, not reinforced, shatter

15.8 Low limit of serious structural damage

17.2 50% destruction brickwork of houses

20.7 Heavy machines (3000 Ib) in industrial building suffer little

damage; steel frame buildings distort and pull away from

foundations
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A13199 3 (719)

9.0 Steel frame of clad building slightly distorted

13.8 Partial collapse of walls and roof of houses

13.8-20.7 Concrete or cider block walls, not reinforced, shatter

15.8 Low limit of serious structural damage

17.2 50% destruction brickwork of houses

20.7 Heavy machines (3000 Ib) in industrial building suffer little

damage; steel frame buildings distort and pull away from

foundations

20.7-27.6 Frameless, self-framing steel panel buildings demolished; rupture of

oil storage tanks

27.6 Cladding of light industrial buildings ruptures

345 Wooden utility poles snap; tall hydraulic presses (40,000 1b) in

building slightly damaged

34.5-48.2 Nearly complete destruction of houses

48.2 Loaded train wagons overturned

48.2-55.1 Brick panels, 8-12 in thick, not reinforced, fail by shearing or
flexure

62.0 Loaded train boxcars completely demolished

68.9 Probable total destruction of buildings; heavy machine tools (7,000

Ib) moved and badly damaged, very heavy machine tools (12,000

1b) survive

2,068 Limit of crater lip

A17: Louvar (2001)

NANMINABDIMITLUANUIN overpressure 11150152 1A Taeldmsmuiu

= = @ [ A 9
fFeuMeunuNIaved TNT (m,,,) HALTEITHINIINYATUAY (ground-zero) TABANNT

a0l
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Ze = (D
1/3
Tag My
Ze — A1 Scale distance (m/kgm)
r = szozanyainamsszia ludganauls (m)
9 v
m! > = thwmiinvelevesensialings Ina nfSsuionduam TNT (ke')

) o J . v o do
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SmSumanic ps uaasluaumadade i
Ps = Po 2)
Pa

Tag

Ps = A1 Scaled overpressure (llliﬁﬂlhﬂ)

Po = Overpressure (kPa)

Pa = ANUAUVITOMA (kPa)

Ze | 2
1,616Pa(1 + Q )
4.5

= 3)

a a & a AAdY o A Ao '
ﬂ’liﬂjgluu!Lingl‘U@c]fﬁlﬂﬂi]’]ﬂUlaGUE]\1ﬁ1jLﬂNﬂj’)llwa@aﬂu’]ﬂ\jwumlﬂﬂiaq VS
v ° ' v A VA A a1 ~ YR A
E“fﬁﬂiﬂelﬁ]iﬁllmiﬂ1u’3mﬂ1LL§QﬂuVlﬁQﬂ§$‘VI‘]JWJﬁ\1‘VI€‘Tu1i] IﬂEJ’JﬁL‘]JiEJ‘]JL“I/IEJ‘]Jﬂ‘]Jﬂ1LLN§$L“]Jﬂ

YB3 TNT (TNT equivalent method) gaaunsae 11/
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mE
n,ITNT = r]

(4) TNT
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v Y
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Y
Epr = A1 Heat of explosion Y84 TNT (Wa41U/1111In)

f1 heat of explosion Y94 TNT A9 1120 cal/lg HIDININY 4686 kl/kg
A | % 1 ] . A 9 a A
M3 2016 Btwlb layniaiuluaived TNT equivalent method Aomslgmilszans
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3. WAINUDINNI55211A (Energy of Chemical Explosion)
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91MA 1A Stoichiometric Equation Ao
C,H; + 50, + 18.8N, ---------- > 3CO,+4H,0 + 18.8N,
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Gas dispersion Model

Continuous released

Plume Model

Instantaneous released
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~
NU1: Turner (1970)
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h 4

Wind Dhrection

CGround Level
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NNN_6 MINTZA1909M 15 1UGNHUL Plume model

17: Louvar (1998)
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Gymeters (CTy & Gz)
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A17: Turner (1970)
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P13 19N 4 ANUEDYTUDIUTTIINA

Wind Speed Day Radiation Intensity Night Cloud Cover
(m/s) Strong  Medium  Slight Cloudy Clam and Clear
<2 A A-B B
2-3 A-B B C E F
3-5 B B-C C D E
5-6 C C-D D D D
>6 C D D D D

17: Turner (1970)
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17: Louvar (1998)

5. Dispersion Model
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MUA 13 Y3189 Box Model 130 Mixing Cell Model

11: Noel (1995)
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P(z)
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NMNA_ 14 MI5NTTIEAIIUANYAUE Gaussian Distribution

W: Schnelle tazAme (1986)
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1. DEGADIS (Dense Gas Distribution Model) 11/51n5umuiamsunsnizevos
a3ounIdszimedis (Vvocs) Tasl¥aumsmsfauuy Heavy Gas Dispersion Model Waiu1

Yulay Research Triangle Park NC 27711 Environmental Protection Agency’s (EPA)

2. ARAHIE (Automated Resource for Chemical Hazard Evaluation) Tdsunsw
MUIUMIUNT NTLBUDIANTDUNI G5z1ved1s (VOCs) TaglFaumsnsaauiy Guassian
Dispersion Model miagﬂugﬂmm DOS ﬁmmeﬁuiﬂﬂ Hazmat America Inc. taz 1@5ums
gaus U1 uN1emslay Federal Emergency Management Agency (FEMA), the US

Department of Transportation (DOT) 8¢ Environmental Protection Agency’s (EPA)

3. ALOHA (Areal Location of Hazardous Atmospheres) TsunsufmuIamsuns
ATEEUBIENITOUNIF3zMed18 (VOCs) TaeldaunsAnuuy Guassian Dispersion Model
uﬁ'aglflug 1v09 Window ﬁﬁmﬂﬁuiﬂﬁl National Oceanic and Atmospheric Administration
(NOAA) Hazardous materials Response and Assessment Division (48$ Environmental

Protection Agency’s (EPA) Chemical Emergency Preparedness Office.
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