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Abstract

Explosive engineering is a science which can be employed to evaluate damage resulted
from an explosion. This article reviews criteria of human injury/fatality resulted from an explosion.

Damage from a blast incident mainly comes from blast pressure and fragment impact. Blast
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pressure-time histories at various distances from the center of pipe bomb explosion are

calculated based on equations and charts presented in UFC 3-340-02. These peak pressures will

be compared with the criteria of human injury/fatality from blast pressure. The standoff distance

where its corresponded blast pressure meets the criteria of fatality is defined as lethal radius. In

addition to blast pressure, blast fragments also cause human injury/fatality. Fragment hit density

and probability of kill are additional two criteria to determine lethal area of pipe bomb. This

article presents analytical approach to determine lethal area of pipe bomb by selecting the

explosion incidence at Erawan shrine on August 17, 2015 as a case studly.
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Casing of pipe bomb

e

2E(c/m)
Vy=.—/———%=
1+(c/2m)

tan @ =

Number of fragments
| Hll 2 |
- M, 1|
N@m)=—L¢ \ M/
- 2 -

k

v, V.4
- cos(—+¢, -¢
W, A2 *
(‘DA,»,OH.\'
2m
v, = impactvelocity

,’MN L/_/;e_= impactangle

In( I—]
Ve

s

- X

'
;"
: y
: N
N
s H ke
' N
'
'
Y

. . O
> W H = height of detonation™

-
5P o
s _- //
T /
Bl /9
/

Point of detonation

M, = Br*d' -‘[1+L)
d

7

Section of pipe bomb

VA I 1 % i 1 I 1

SIDE-VIEW

¥ 1
i=1i=2 =8 i=4 i=5 =6 =7 =8 =9 i=10i=11
CROSS SECTION-VIEW

P v a [J a Ao =3
g‘U‘VI 6 AINTIUNTUITANNITNANYVDITELUANNALLARA [10]

1250

1000

750

500

250

Number of fragment that are larger than mass m

0 2 4

6 8 10
Mass of fragment, m (gram)

12

JUN 7 snsanedivesdiniinlazdnuIuves

2 o a .
ALLNANNAIINNTTLANVDY pipe bomb

ANSATUIUNINITNTLAYAIVOIUINUN WAL
FUIUVDIELLANTLTANNFUNITA 1 g 2 WU

nsnszaednduludnanddugun 7 Taewudn

FuvREzAANIuIMTNNINA1Y 0.5 N

oy
Y
Py < ' ~

Ju wavazinandvuialugand

AL

Wiy 1,230

I3

widnuiiu 11 ¥ Tuvagnduuvesaziingn

I

Usrenlalunisiwsiznilayinnu 1,840 Ju Fele

521

MnmsdwnaliazifingnuneoiSesiieginalu
v9Uden pipe bomb é’f&LLamﬂugUﬁ 5 Laan
nsfuALEduLazLYesaziiniAna1n
n55¢.0nv04 pipe bomb  WUI1AULEIRUYDS
amﬁmﬁ@hmﬁqmﬂszmm 2,000 LUAS/AUNT
dvfuasiiniAntu o frunaiienans pipe
bomb TnefinmesanuEunanduguil 8 av
wiildinfiansvesaziiniinsoonlulaldidnvue
aunns adunainandiumiagaszida (deto-
nation point) lailsiog] au sumisAsnansves pipe
bornb (§Ui 8) ustegunymavaesulasumis Ty
Fumeudlufonsminiiszesseiamils q aufin
seidndseonluvudmanefidunislating uagd
Anunutuvesazfadidndiminly uialy

@

walAwINUd M UTEYES (5Ad) DU 9 wadh

:,)e

JoyanuruILiuveasiaLagd sl
wiatulunaen contour AMUMUILLLTBIEZLAR
Y] & I3 v L&A o P
My 2 Fw/msa. Aaelagusisiiuinisianed

a I a a &, ) ' a v
WAANALLNATELUA JUN 9 VUYL R I b



5ar5mermansiasinalulad

T 24 avuil 3 nsngIax - Fugrey 2559

wiufsiunisaziiagudvnesey 9 90

Audnaen1sseldnfisyeenng 30 lwAs  31n9A

4 a

Audnaen1ssziln uazguil 10 1Wugusiaiug

U

) =

dunsreMinanmnsvidannyussasnlaeld

WU AUN UL UUIDIASLAAMNAU 2 FU/PT.4.
TagaziuinsesinisvianeaziienUseunaniou 30

bURMT

JUN 10 JUTRURTuaseAiiinenaziinves

£ 200 : : : :
[ =
k=
T 180+ -
%
ng?j\fff/\///\
=
- ’\: f
=
= =0 :
2 Detonation point
5 0 ° ] I I I
o 0 50 100 150 200 250
= Distance in the axial direction of the pipe bomb (mm)
2500
o
= 2000
= - o o o o] o] o o o
=
S 1500 o
=
° 1000 © Q
=
=
£ s N
= Detonation point
0 ® | | | | |
0 50 100 150 200 250
Distance in the axial direction of the pipe bomb (mm)
a 2 v 2 A a a .
JUN 8 ANULIINULAZYUVDIALLNANLANAINNITIELUAYDY pipe bomb
4
5X10 L
4+ 301 I
ﬁ E
£ 3r ] o
£ S 201 L
P Y
S 2r a o s
3 fumdssyidn
s 10+ £
Rl
‘e ;1:
5 0 . . T T T T T
< 30 20 10 0 10 20 30
8 Distance (m)
£
=]
o=
8
c
]
[Z]
2

-5 0 5
Distance from center of explosion (mm) x10*

JUT 9 fregauuudiaesiieniiurisiiaziin

FanlU & fuvdsnvingeanty 30 wng

52100 pipe bomb Iagldinuginiiu

PUILUUVDIELLAMNAY 2 TU/AT.41.

2e19l5AR1Y LN lUNI TN UNSUATIE
AINA1501199NAY probability of kill (Pk) a7 s

nanAshuNsMSATNISYiNate9n Pk Ard1eaas



T 24 avuil 3 nsngreu - Fugrey 2559

215815 memansuazinalulad

v a

AUATNIMSANNTINA1891NAUNUILUUTB
avifin YuRe dossiasinissuidaudadainguy
anfinlifiszor (3a) de 9 ieduiumay
NUMUUVRIALLAR LA ADIRNTUINGIY
satvesasifnfiiduteuiumising 9 lngae
Fosrflefinuiivesasinfianaanus gy
91MARIY UEITIRIWILAT Pk auaunisil 6
WEINTUTNHANTIAT T AT LN NaD R
contour f1 Pk u&weuLniuiisunsieves pipe
bomb A s nnaives Pk Saiduidu
contour #if1 Pk iy 05 Fauanslusud 11 oz
WiulFweunvesituiisunsiewiiefiansanan
M Pk fld1 22 1uns Fanseunquizezaiivien
AdlefansananinasinuuLiLYesEzLAn
2 Fuwmsy. wetfunauianndsusaves
avifafiszasmannna 22 wes slenldiiteaned
gy lAiAnn1suIalduegrsunnvseldedinlang
inausifiuanslilunsnedl 2 9ngURl 10 uas 11 9y
dildingussiuiisunseldldfdnsas aunns
Fadunasnainmsiishumisnisgassiineguima
Uaneie pipe bomb suladunils Fauanslusy

8

[
o
1
T

[}

(=}
L
T

Distance (m)

Distance (m)

¥ '
] A a

sUTiundunsefiiinainaziinves
s¢1Um pipe  bomb

probability of kill (Pk) Wiy 0.5

Ui 11

Taalginaua

523

v

6. a3U

AL AR NSRS s RS URsY
fAna1nn1sszidnues pipe bomb lnsannsdl
ﬁﬂmmﬂmmzLﬁmﬁmaﬁnumwsm Auensy
USLEIA NNTIATIZVLAD 19BN LN EUTUTIAULAY
aziinszidnfivliiAinnisuiniunazidedin
WIBULBUAULSIAUTELOALATN1TNIZANUAD
AUAUILUY WEIUAY tag probability of kill
Nnaztin Msiesviuanddiiiuiinissedaen
pipe bomb ﬁ]Wﬂﬂiﬂﬁﬂwﬂuﬂ%ﬁqﬂﬂaﬁa@u
srEYinaINgadudnalin1sssiindosndn 1.8

WS sdsdIanuuey TuvueNonegvinsesnld

Y

Wiu 1.8 lwns ualaifie 3.0 wes azuiaiiuainden
Anvn wazdieglnandt 3.0 was udliiu 7.5
RS UWYaEang
dnduiiufisunsieidunauianasifin
5210095 F 09915 UIIINTIAMUAUI LUV
aziinszidauay probability of kill (Pk) 970A13
Jias1vsinuIiuiisunsiefiinenasiinues
pipe bomb  #ldreIniimanauviwsma 519
UsvasAnsaunguesnldilusseznianiafy 22
wns Tuvasfissosinseonluiiunin 22 was us

Poun31 30 LA DIITTANURUILUUYD S

aztinunme (2 Fu/nsu.) feznadimyaea us
wasuaadvesaziialdiiissneasinlimannis
VIndUULsvsaLdeTiale oddlsinu yaaad

aéﬁwamaqmﬂuénmmwwLﬁmmmmf'] 22 LURS

Aflenafivzgnaziinszidale Wesundndiey

B

neluied 22 wes uazegluwwifieniwesasin

a =3

ﬁv\jﬂﬁ]aﬂu’]ﬁ]’mﬂ’]iiﬁlﬂﬂﬁf\]zLﬂﬂﬂ'ﬁU']ﬂL‘i]‘U%‘%E]
q

Lasdineg1aluueu MellA1sain1svinane

wiandfgeseg uuauufgiuvessiuiuasiingn

o
el 1

Us1e lldadlulu pipe bomb lumnnisaiiin



5ar5mermansiasinalulad

T 24 avuil 3 nsngIax - Fugrey 2559

' | < = 3
nszarwedlauseuneluviewan daluaiudy

939019did1u0u azfingnusiefidesnin wie

wnndrdnuieglunuudnassiliimsziluy

unaudl srludsuaviawdn vilawazUsunu

fuszldnnldass FefazdananeAsainisvinane

Ya95eLUnlumsallnieigunu

7. 578115919949

(1]

Mott, N.F., 1943, Fragmentation of High
Explosive Shells: A Theoretical Formula
for the Distribution of Weights of Frag-
ments, Army Operations Research Group.
Dawson, S., Dean, R. and Edwards, M.,
2004, Microstructure of steel fragments
produced by explosives charges, pp. 289-
296, The 21st International Symposium
on Ballistics, Adelaide.

Charron, Y.J., 1979, Estimation of Velocity
Distribution of Fragmenting Warheads
Using a Modified Gurney Method,
Master's Thesis, Air Force Institute of
Technology, Wright-Patterson AFB.

u.s. Materiel

Headquarters, Army

524

Command, 1962, Elements of Terminal
Ballistics - Part One: Introduction, Kill
Mechanics and Vulnerability.
Department of Defense, U.S., 2008,

Structures to Resist the Effects of
Accidental Explosions, UFC 3-340-02.
Johnson, D., AAAV 30 mm HE Lethality
Testing, Test Procedures and Casualty
Models, NAVSEA, Dahlgren.

to  Naval

Introduction Weapons

Engineering, Available Source: http://
www.fas.org/man/dod-101/navy/docs/
es310/dam_crit/dam_crit.htm.
Tnasyiag, 20 dwnaw 2558.

fusley suwssInnR uazauin (?iu’a@mﬁ%qa,
2558, nshvadia Forensic Engineering Tu
msiesgiivnnsalsadniisadseacd, 2.
AIUNTA 24: 1-10.

Tanapornraweekit, G. and Kulsirikasem,
W., 2011, Lethality assessment of high
explosive (HE) warhead with preformed
fragments, pp. 277-285, 26th Interna-

tional Symposium on Ballistics, Miami.



