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Background: Trauma caused by the blast wave is one of the basic
issues in military medicine. Daily reports of killed and wounded mil-
itary personnel and civilians in war zones, terrorist bombings and
explosive remnants of war indicate the importance of this topic. Due
to the complexity of this phenomenon, there is little understanding of
how the blast wave influences its surroundings, despite its im-
portance.

Materials and Methods: The effects of an explosion are contingent
upon various factors, such as: type, weight and shape of the explo-
sive, target distance from the explosion center, geometry, nature and
distribution of the target, physical environment of wave propagation
and number of obstacles from the center of the explosion to the tar-
get. In this research, with the study of analytical equations of the
phenomenon of blast, pressure and impulse of a blast wave were dis-
cussed.

Results: The diagram of the time - pressure wave propagation of a
hand grenade with the charge equivalent to 170 grams of TNT has
been shown using ANSYS software. According to lung threshold
trauma, the probability of human injury at different distances de-
pending on the severity of the explosion has been presented.

Conclusion: Assessment of the extent of primary and secondary
injury (which may appear in the next few days), clinical effective-
ness, enhancing protection equipment and risk analysis of important
places under the blast wave require adequate and accurate under-
standing of this phenomenon effects on its surroundings. In this
study, considering factors: the amount of force to the target and the
duration of force application, the possibility of anatomical and struc-
tural damage was predicted.

Keywords: blast wave, lethality assessment, reflection, hand grenade,
charge equivalent of TNT

e-mail: kangarloo kambiz@yahoo.com

AY



http://dx.doi.org/10.30505/4.2.87
https://dor.isc.ac/dor/20.1001.1.22286241.1394.4.2.3.3
https://jpmed.ir/article-1-317-fa.html

[ Downloaded from jpmed.ir on 2025-12-31 ]

[ DOR: 20.1001.1.22286241.1394.4.2.3.3]

[ DOI: 10.30505/4.2.87 ]

AV-25 Elomino =Y o)l = ¥ 093 —VWAF jliusls

ot Cb dloxe

o S0 )0 69 90 axfllao Slao gyl Z g0 O il S 3 g

WAF 1323958 V& 1 g oy &40 WAY wibwl Ve iz Mol &9 ,U

WAY Cpede 4 :C‘él,g)a é{,b‘

23S ) aligy GlagpliS ol (ol b 3 bl Colia 51 (S0 Jbxil g0 51 (U slaleg 5 a0l
02lo B o oxite 3o g (i y95 Sl IS o (S 3blie 3 (ollai e 5 (oollis 13 ()0 g0
Eyoge Custl pbprde 0l cpl p oSl (Stiomn Jdoa Al g9dge (nl Cueal Sl K> o0 ]

D)l 3929 395 Slbol lase  jloxiil zge Sl (KigSa 5l o8 S

3550 31 Bam Aol woite 3la JS3 5 (35 5 bl 2 Blaal sl 9o 1 LI 2y, g Slga
Sin L5l 3950 o 29290 &lge 9 90 )] (o3 Lo Ban (SaSTy g Comle cdutin o londl]
slayielly Gloj w50l (pwyp 0 jlxiil oy oSl (Jelod Lly) adllae b a0 ol 3335 (0 Ol
A5 dalgd adlyy il zge 4yl 5 L

5 We Jolae g3 b (od Sl 5l ol gge Ll loj - )Lid plSLy A 2 JIKa1 o tdaidly
Sl Glodio Jloinl sy (slogyi aibinl a4 do g5 b s zly5eul ANSYS l58le 5 5l oolizwl L TNT
e 00581 o] b sy e Luolgh 3

sl ol (Seo oai] slajg, (o )3 45) w4l g adgl Slodo Cawg mesS § (b)) 56 g5 Al
ool gge S 53 0y g Sl Sy oo« sliblons Cljuaed o)l il sla gy (i3l (K590
b i ol 3 0l oo 393 Blybl b 3 osy ol il jl oo 5 BT cols 5 S (il pilis
i Ui lojle 5 Sl Slodo Jloinl )] Jlos! olojcute g cdum 4 03,lg (690 laco & dngs

2,5 o0

2SS

-

' S (e
") S jamelS

5 ol olSly (Slse oasiisly luils’

SelSe aaSisly dpSnlay Kuinghy

2 guno Dt g3
PRE selS
(FARIYYIYYYVA il

kangarloo_kambiz@yahoo.com

S5 9 gee Ll e )3 39290 Flge il Joxe
e SpuslSe g Jolge [V 5 V] o)h (St 38 Jodll puSe
oS 5 (IS 0g)S slee 4 )bl e 3l U slaleg ) 5
YTV JSs) Wb o0

Sloy] il e eitas Hltb i1 15 45 4yl (glalog, —)
Aigad o0

Lo sl glyl g iS5 3,05 5 51 9 o gl slalogs Y
Ligd o b

Jeih cos ol by 153 85 ol 5 b S2usa glyl ¥

doddo

ool Sl o i 5 SRS o0 Blil ©pgoa loxil]
Shaayo (2o g o oS 5 Mg oS 390 g0 iy (555
Sygmo & &S Cusl (oSt Sl slon Jold g ol iled o0
)bl gie Sl o s 3935 3 (o p b 5955 g Sld
oo ol e 3 48 ool S o S o g Caam
Ladyy o 3)ly Sloss) oms (slacuwl jlod sl ausls, g
AU (B )5250) Sl9y 9 (0068 5 (ol i oodg) cja
U ooy8 alold lrasl iy dayl g9 9 oyl 4 Wgid oo ]

M



http://dx.doi.org/10.30505/4.2.87
https://dor.isc.ac/dor/20.1001.1.22286241.1394.4.2.3.3
https://jpmed.ir/article-1-317-fa.html

[ Downloaded from jpmed.ir on 2025-12-31 ]

[ DOR: 20.1001.1.22286241.1394.4.2.3.3 ]

[ DOI: 10.30505/4.2.87 ]

Journal of Police Medicine

PSS PR IRTPY

Summer 2015; Vol. 4, No. 2: 87-96

(¢)

()

S g (o) (i DUy (3) gl (2) oS 5 3,982 () loxiil g0 aitane )Lid () ol 51 5L (slalog,i slom) 1> Sho (slapuilSe 1) S

oo 5l el ) Jgir )3 00,5 (oo dsmlre ] 4y G S0
Lo o] o pogase 55 5 TNT Joloo (ol b o onite
ol 0155

W g, 9 dlge

Sl S 4 Sl dile (gylxdl glgel (sl Jro aie
glo—el Ll & bgrje (sloisy95 5k oelol sl & 93,5 ooy 92
ol (P17 s (ol sl 5 (0] rogs bawgs (5]
V] Gy lawg s ol (sboty 5 55 S 5l Gy w035
Oyl 335 ) Jats jsbes [A] L5 =098 5 [A] 5V
Jls 5 TM 5-855-1 5l s (g lomis] (535, 53 - lae aab ]
@l Loyl (i) (ol lidos (las )y bwgi VAP
TM 5-1300  aebyol 15l b ag ool e sl
Y228 Jlw ;3 [W]TB 700-2 asb ol 9 V3% Jlo 5 [V+]
Jas a3 el olen (ggp wiige LiSu bawys
S5 Dol g)lemr slive 5 992 )0y 0 Syl Sl
DOE/ jgomon (6,593 sladel oyl ashl 5 .c8,5 )5 cam
9 VY Jlo 5 1400 (6550 led)bd lawgs VY] TIC11268
DAHS (slaaabyl s VW] ASCE2006 5 onsel) o5
dg il slna )8 (sl [V0] FEMA 428 5 [\¥] CWE

IR W)

A

(http://upload.wikimedia.org/wikipedia/commons/ Blast injury)

Loy g lulid Coll pue &m0y )il g9 (ol
D o0 bl Ll Folaw

ol g (S gl ( Sibgu 5l 5L K00 albly ple ¥
Awd g3 & N oo JSUb sl &S I p s 0 y2xdioe lgo
[¥] Ded o stipends (HE) "S55 9 (LE) ' oS’
Sguo Sy )‘ U (X b HE b)m.o .)l}a U?“"""J“"‘Sl
)-1051:5%&“& UM?L&}K))@U)))}AVQ"U\"’&)
lod g lid ilial el 5 00gs (lbols g Yl ;5 4l
crmpis L 5955 TNT g5 oo atwd ol 51 595 oo Lasro
soul cuils HE o pmiie dlge g5 0 pb 1) ] g C4 ¢ uSiows
s LE  clanoymmiio il go Ll |y " SuuMS )il g0
plnil g ey 1 a8 ey b o] panlinST &S din
o5 o o 1 o8 sl igm |y o2y cn) 3988 00
3 o slacis wluw ©gyb 9 393 o Sk 1Ay (laca
Sleo oyl 20y pb 1y acaiglge JiS'eS glosl wisle a5 coldiiiin
..\J’)l.) DA:\.:SM

inio b ol sl )3 a8 jloxl )5 dplne Cas Yoo
FomtP et O)-?LO.»A oole u‘}a&d) TNT 6.30);‘50 )l)s odlaswl .))94
o predio Slge )8 (5o oyl odlital b 5 35 oo gune

“Low-order Explosives, * High-order Explosives, > Detonation, * Blast Waves, > Deflagration, * John von Neumann, 7 Geoffrey

Ingram Taylor, * LI Sedov, > R. Latter, ' J. Lockwood-Taylor


http://upload.wikimedia.org/wikipedia/commons/%20Blast%20injury
http://dx.doi.org/10.30505/4.2.87
https://dor.isc.ac/dor/20.1001.1.22286241.1394.4.2.3.3
https://jpmed.ir/article-1-317-fa.html

[ Downloaded from jpmed.ir on 2025-12-31 ]

[ DOR: 20.1001.1.22286241.1394.4.2.3.3]

[ DOI: 10.30505/4.2.87 ]

siwd Syl il zge 3l S udgn

ot Cb dloxe

AV=25 Clas =Y o)los =¥ 0y9 =YY Olﬁ.wgl}'

wilises o rito Slge TNT Joleo culps 5 (ogaseo 55,0 1) Joia

TNT b 55lodolee oo o (kJ/kg) o2 pogpas S35 8,50 83lo U
V/ee fov. TNT
\s YYYY GDN (glycol dinitrate)
\VAY YY¥s Pyroxilene
VYA IS Torpex (42% RDX +40% TNT + 18% Alum.)
Y. N4 Dynamite
Iy \ntai Schneiderite
AL \iVas DNT (dinitrotoluene)
VYD INZR Ethylenedinitramine
VA NS RDX ( cyclonite )
\TANs Y Compound B (60% RDX + 40% TNT)
AR SO0 HMX
VY INZZE Semtex
VY o)y Pentolite 50/50 (50% PENT + 50% TNT)
VYA ava¥ PENT
VI¥A Y- Nitroglycerin (liquid)

ol by jheadl L8 Pt loj 5 ,Lié P() 368 el o
¥o) Oygods VAL 5SS 5 T il ldlhae b o8 sl (oo0e
N5,y ahyl, ) L 5 b=VZ ™ (Vv <Z<
Lo el )l drloe Can 33,5 o dslos b = B/YVVYZ
3T gl e o col onily (il by, )brdl
2B S s Lol @¥olee o 4l 1200 Jlu 55 Py
ol g cuto JLid wor Slo slp 1) o) dally 315V b

V] 2505 1|
(v)

6.7

e + 1(bar) (Ppm = lﬂbar)
P =
pos 0.975 1.455 5.85

-/ —0.019(bar) (01 Bos = 10)
z z2 z3

sg05 4yl 1y 5 lalyy (ARaalejl bs 3l olsly "ty
S g 039y Ly Ly 3s8 bl ) odelcawsdy yuolie b &8
[Y\] Cowl 039y 19'3‘5) Cono »

Yl
14.072 5.540 0.35?+ 0.00625 b ( )
5 ar
z 71 e 7+ (bar) (005<z<03)
6.194 0.326 2.132
'P'pos = - 3 + 3 (ba‘r) (03<z<1)
Z Z Z
0.662 4.05 3.228
+—+ ——(bar) (1<z<10)
Z z“ Z
— (~2.75+0.27logZ ) +logW™'E
tﬁos =e g 4 (m.‘:?j (f)

" Friedlander, * Teich, ¥ Gebbeken, * Larcher, > Brode, ® Henrych

379 oloj oszme (ol siebly b Vsane jloxiil se )Lid blbg
(Ppos 9 Preg) (sio g Cuto j18 L8 nou Sl (ta) )il 4o
i g (Lw") cute Jsb 5 (tpos T theg) Hbxidl (lojeosa
5 byl oo Y JS) 39300 st il 230 (L)
Oy doy 2Bl bazxe g 0 oxiie o3lo gladd ()18 I (U

Al e sy (2oLl b Ll

P(t)
P 4y o Jlsy
;L"."-‘-i' [d o
i olej - JLaé s
g-‘g_;_ J ol )blu.il o
ta
P, —_—— f*fﬁ:f*f;‘?-t
4= fdd gy Scia b il e o b
pos tm‘g

D] Jlossl jlomiil g0 jlid Sloj o, pl S 3 S8
(W] 3980 gl 59005 Alaly Lawwgs L2 1,5 ol

_ _le—egd
(t faj]e . (¥)
tg:os

P(t) = Py+ (Poos — Py) {1 -

ﬂ’



http://dx.doi.org/10.30505/4.2.87
https://dor.isc.ac/dor/20.1001.1.22286241.1394.4.2.3.3
https://jpmed.ir/article-1-317-fa.html

[ Downloaded from jpmed.ir on 2025-12-31 ]

[ DOR: 20.1001.1.22286241.1394.4.2.3.3]

[ DOI: 10.30505/4.2.87 ]

Journal of Police Medicine

PSS 5 piSudg

Summer 2015; Vol. 4, No. 2: 87-96

g+t
et s, = f [P —Bldt V5 V Llg,
T

i idljl (6550l 4 arg b ply cutn B 9> 5l byl b el
> 4 028 uSsio lgel W95 00 3)95 2 sl Cunle g 4y
Lwg (Pr) 4l (olSl zge HLid Al o syt ooy gy
23,5 o0 Ol 25 o [YO] CgigSgm o [VF] 4usSl, abal,
7Py + 4P

P,=2P——— (YY)
7P, +P

u‘?’u" (pra) Sl 5914,» )‘ o.\a.f)uug.@o z9e HLid duwle YN
LY5] 2905 odlainl ¥ IS5 (sl ylog05 5

125 ) e
25 il L3 2510
5,000 psi
500 psi
100 + 100 psi
0.2 psi
751 ° hu p dges
o
= gho b sjlse
n sl eyl
S s04
254
| | |
9 T T T
0 30 60 90

253 oy g b 9,95

IVF] Jilo gskans 51 o puSixto g0 Lt gy 2 Y0

sl

Ao VO 5 ¥e Ve Sloj Juolgd ) )L pl SL ¥ ISS 5
ol ool 5Lis TNT p,86ks YAY Uskeo osas il §) g
(ro (Blane (b 5l dgd oo oanliio a5 oo len Ll
(oo HLid 5l oS Lo jlomdil zge cudy )> (Sl jLid
Do oo 3ol il 1S e Caows 4y osns o G g 33,5 o
lpedy oo S &y )il zge (bl B ) jLid 3llas a8
Conglie (IS il ) &5 (ol (glaojlo gl Jg adle a8
5 B Cow & caxs lolBass b ooy wile W)l oS
b (las claojl o logas (25 5 2T by,
o3 il il sniiS e L2 Wlg3 e (Z = 0 m/kg'?)
Jtd g o Cuto 16yl weigu b dw Ygeno e 36 Lo
eleiien jb5 @y il p N ey Sl e e

)

03y i alEilefl Glidos oy K wl o plS g S
Z[YY] ..\)J9.o.; <\§|)| YAAD Jl.w ).) ‘) )J) ja.)]s)

| o)
. s 808 [1 + (f—s] ] )
pos o7 - | - | -
N 1+ (621 o+ (39
*)
tpos = w3 . %0 [1 - (0_543 ] ,72 (milisecond)
o+ (o) [+ )] 1+ (2]
[z \* Y
- 0.067[1+ (553) o (v)

S5 Z
7yt (1s3)
by by lyiear y3] lapgaga 3 45 T (Sagalo Ly,
oala il il e B ylojiie g mosjSle Hlid dpwloee Cas

(A)

Wl,."ﬂ Wla"E 2 Wl."'a 3
Poos = 0.085— +0.3( - )+IJ.8( - ) (MPa)

()

— .o
toos = L2ZVWVR (ms)

2/3

Los = 200 (Pa —s) (v+)

cbayahly 4l 09 oo dinMo 395 Laly) 3 & sk len
i b )loxil 3 jo dlol) R yial)ly 93 &y atnly jliil 4y by
e = O)Q@ﬁ ool TNT J.)l:w [9)>)W 9 ().m s> 3 )JI
P a sl pite 53l oo pslaieds . ABb oo (p )50k
a5 0adp S iy )8 ©ygoa (Z) end wlie alols

DIV 5 0 ol ) ©je0d

(")

R , 58
Z:W (m/kg'®), R, 231( ‘)


http://dx.doi.org/10.30505/4.2.87
https://dor.isc.ac/dor/20.1001.1.22286241.1394.4.2.3.3
https://jpmed.ir/article-1-317-fa.html

[ Downloaded from jpmed.ir on 2025-12-31 ]

[ DOR: 20.1001.1.22286241.1394.4.2.3.3 ]

[ DOI: 10.30505/4.2.87 ]

siwd Syl il zge 3l S udgn

AV-AF Clas =Y ojlodds =¥ 050 —IVAY Lol

(pSi) )L'.‘.é

140
130
120
110

Sloril 51 g il o Yo ()

L
9 4 1 6 11 16 21 26 31 36 41 46
(M) caog 35 0 51 alold

-49 -44 -39 -34

(psi) ,Lis

140
130
120
110

i 31 g 46 shao P ()

b 2 ) B »40 0,95 » , Ixe
9y T3 ST e sl 790 3y95 5

a4yl / gl gyt oo JSI5

49 44 39 34 20 24 19 14 9 4 1 6 11 16 21 26 31 36 41 46
(M) caay 35 50 3l aliold

(psi) ;L3

140
130
120
110

rﬂ.sg =

Hlail j s 4l Juo VO (Z)

gl 525 o0 il Las LIS Ly i Jid o axg LB ol
g2 3 Pl 5l (3,05 3929 I z90) ol jl G (o>

T WA

49 44 39 -34 29 24 19 14 9 4 1 6 1M1 16 21 26 31 36 41 46
(M) oy 3 g0 3l alold

Joa 13 TNT 5,56LS YAV 55U Jxiil zge oS ogou :F S

¥ .

0¥) e B lojde 5 Lid Slas Sl g bl by, s
0.0104W /35 (Z<03) _ e s ¢ o]

(0.003125l0gZ + 0.01201)W3s (0.3 < Z < 1.9) IV 9,5 (o0 el 5 908 )b

0.0139W 135 (Z=1.9) 0.35
5, 17 10°Pa (>3.5) ('VY)
10*Pa (2 <3.5)
Y



http://dx.doi.org/10.30505/4.2.87
https://dor.isc.ac/dor/20.1001.1.22286241.1394.4.2.3.3
https://jpmed.ir/article-1-317-fa.html

[ Downloaded from jpmed.ir on 2025-12-31 ]

[ DOR: 20.1001.1.22286241.1394.4.2.3.3 ]

[ DOI: 10.30505/4.2.87 ]

Journal of Police Medicine

PSS PR IRTPY

Summer 2015; Vol. 4, No. 2: 87-96

IYA 9 Y] sl s 9 baojlo o slomisl zge 512Y Jgan

o . . iy
ol gy ¢ U Lol le 59, 2 il (f::)f;o» . @:p)sli‘)d s
Ly 2y95 5 5l )0 ams Gl A CanSs YA )
s b iS5 0,58 Sl Al glalegy  layd sl Jold) als 4 buwgio il jlus v. ¢
ab (i & Cuwl
Sy Jhinl g Gros Slolys S55wme s laitle y3 035uS Oljlus VoY ¥
Syo g Bres g Ll Glsly b jleid b JolS™ Sl \las o
o> Sye o)l oy slojl g y5 ya¥ Ve
o> Sye ol o slaojl JolS o 55 o-Y Y.

5785 4ol 9 Lo

P53 LS Ko 31 ol g o ool (Sas8 ip Dl Sol
Omedd ;s (55leSy Mo S35 slaSin )3 5 A8l ol
oy dio odlo.dgb o odlitul yeudd lolSowtnl b (2L b
L i) ond b ol o S5 ol S (5)
il ol adiines g a5 sl o (S, oy o5 il
o A 355 bl Yoons (36 alaises cawl 003 dbls]
a1y oSes ol (s 0 oie Dlgo Lol 50 53 B )l
oleitla ol Cuond aw 0 S5 53 .08 5)lg ey ol yas
ol o0 031> L 0ygmle g z )3 iy Jolds S0l

Jolas) TNT 4,81V 5] o il 9o L8 5 USG5 5
5 Al cdls 5 lej a o (SedlS (lacSos)b @ a8
B eIV g e /B eI Y Jolsd g iy 4y al wlSl

Sl ol 02ld uL“'-’ o Ve

e
Bl ppfps
WS o )y G My

sbes

Ay

Obes 9 anys Sl awbee Caa 1) ) laily) (S5 5 b

PA] L8550
b+1
rnsg—psrzk = Ttpos (‘o)
I _ P‘pﬂ-stpos E_b (\;’)
neg b2

Oy Wojl bl zge 3151 Lol guls (VAAY) (58l
P jsSie Jed> (glaoaly [YA VA cuwl oddboals flis oyl
aals ol LSyl glis olig losybs bawgs VAR Jlo

35 e TM 5-1300

[ 18,5 ezl ouims St sljnl ) JSud


http://dx.doi.org/10.30505/4.2.87
https://dor.isc.ac/dor/20.1001.1.22286241.1394.4.2.3.3
https://jpmed.ir/article-1-317-fa.html

siwd Syl il zge 3l S udgn

AV-35 Sloiuo =Y o)leus —F 0,93 —VYAF (lianls

[ Downloaded from jpmed.ir on 2025-12-31 ]

[ DOR: 20.1001.1.22286241.1394.4.2.3.3 ]

[ DOI: 10.30505/4.2.87 ]

16000 04 m 50000
14000 oo oo —
12000
| “ea.05m q “==-05m
5r 4 30000 10m
E% 8000 _393
=5 8000 = 520000
A S
= 4000 =7
2000 \ 10000
n
o LN — . Lk
0.0 01 02 03 04 0.2 04 0.6 0.8 1.0 12
(4l (o) ol (4l (L) s
18000 70000 "
16000 e e el 50000 — o+ [Swisdak, 1975]
14000 o [Swisdak, 1975] \
q 12000 % \ _m, 7 0000 < \ - wA= = ANSYS AUTODYN -
5 \ 72 40000
R BN y X
23 000 %‘{ 30000 .
£ \\ £ 2 "\
4000 ey oS
2000 - 10000 s
0 0

() il 35,0 ) Lol

0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45

03 04 05 06 0.7 08 08 1
(m) foi 5 0 ) oLl

ool b 4l olSil 5 o3 cdls 5 TNT o5 We Jolas o5 b S, il rge )Lt (ANSYS 5815 5) (gl Jio gl dumglio Y JSWS

Pressure (Pa)
+1300
+1200 =
+1100 =
+1000
+900
+800

ST el > yze VA dlold 3 ,lid wje (&

[¥Y] Petes 4 [*V] Swisdak Kl

Pressure (Pa)

+1300
+|200=

+1100
+1000 -
+900
+800
+700
+600
+500
+400
+300
+200
+100
0.00

ST edls )5 jie /8 alold 3 jLid wje (I

e VA gAY g o /8 Juolgd y3 ladl o p al LolSail g ol cls )3 TNT 5 VYo oleo (23 b yloxiil zge jlid gojos 2A JSuid

¥



http://dx.doi.org/10.30505/4.2.87
https://dor.isc.ac/dor/20.1001.1.22286241.1394.4.2.3.3
https://jpmed.ir/article-1-317-fa.html

[ Downloaded from jpmed.ir on 2025-12-31 ]

[ DOR: 20.1001.1.22286241.1394.4.2.3.3]

[ DOI: 10.30505/4.2.87 ]

PSS PR IRTPY

Journal of Police Medicine

sl wlSal el ) jze VY alold ) ,Lid ajes (3

Pressure (Pa)

+1300
+1200 II

+1100
#1000
+900
+800
+700
+600
+500
+400
+300
+200
+100
0.00

Sl el 3 e VY alols j ,Lid wise (2

[¥Y] 35,3 oo o3lisunl 4y (slog 5 ilias]

@)lped Sy Fhe slad plad b dunlie )3 «So5)b 5 jlas plad
sl el Oglae glad plbSos b glgl 13 9 So 8
95050 )l A JSS gl (Jgene SedS (slacson b

&l

1. Covey DC, Born CT. Blast injuries: mechanics and
wounding patterns. J Surg Orthop Adv 2009; 19: 8-
12.

2. Elsayed NM, Atkins JL. Explosion and blast-related
injuries: effects of explosion and blast from military
operations and acts of terrorism. Academic Press
2010.

3. Leibovici D, Gofrit ON, Stein M, Shapira SC, Noga
Y, Heruti RJ, et al. Blast injuries: bus versus open-
air bombings-a comparative study of injuries in sur-
vivors of open-air versus confined-space explosions.
J Trauma Acute Care Surg 1996; 41: 1030-5.

4. Sochet I, Eveillard S, Piserchia P-F, Vincont J-Y,
editors. Dimensioning physical protection barricades
against the propagation of pressure waves following
a detonation. 13™ Interdisciplinary Workshop on
Global Security 2010.

5. Von Neumann J. The point source solution. Bethe
[Betd7] 1941.

6. Taylor G. The formation of a blast wave by a very
intense explosion. I. Theoretical discussion. Pro-
ceedings of the Royal Society of London Series A,
Mathematical and Physical Sciences 1950: 159-74.

0

g L (ANSYS ldle ) laibly Jae oo ¥ US55
5 ol p TNT 8 Ve obas oy b Ko, loxi
(Y] oy 5 [V ] Sy gl (lStaloj] ol |y azbly ol
] 045 dun o

Weo Jlae (25 b Sos)b )il g 5Lis mjgs A JSi
Jeolgd > bl s p sl WSl g ol5T cdls 3 TNT 5,5
ol 0 00y LS bl 3 e 5l e VA 9 VY g /5

s 85 33,5 o oy e s £lad o oy (sl Ygoms
Jlesinl Lo b & il 1850 5l Hae dalaio glad | o]

do 5l Slusl lals bl cas d)lse 38T 43 a8 5yl 3925 S ye

Sre b glad S5 W
Sy Jlazol 807 51 e
gl slaleg 5 1

Sl sbul Jlazsl 847
b 255 0,950 1 o

(Syore o6 e jlas e 14 S



http://dx.doi.org/10.30505/4.2.87
https://dor.isc.ac/dor/20.1001.1.22286241.1394.4.2.3.3
https://jpmed.ir/article-1-317-fa.html

[ Downloaded from jpmed.ir on 2025-12-31 ]

[ DOR: 20.1001.1.22286241.1394.4.2.3.3]

[ DOI: 10.30505/4.2.87 ]

siwd Syl il zge 3l S udgn

7. Sedov LI. Propagation of strong shock waves. J
Appl Math Mech 1946; 10: 241-50.

8. Latter R. Similarity solution for a spherical shock
wave. J Appl Phys 1955; 26: 954-60.

9. Taylor JL. XXXVII. An exact solution of the spheri-
cal blast wave problem. Philos Mag 1955; 46: 317-
20.

10.USDOD. Structures to resist the effects of acci-
dental explosions. Technical Manual TMS5-1300.
Department of the Army, the Navy and the Air
Force, Year Date Accessed 2015. Available from:
https://www.wbdg.org/ccb/DOD/UFC/
ufc 3 340 02.pdf.

11.TB 700-2, NAVSEAINST 8020.8C. DOD ammuni-
tion and explosives hazards classification proce-
dures, Year Date Accessed 2015. Available from:
https://www.ddesb.pentagon.mil/docs/tb700-2.pdf.

12. U.S. Department of Energy. A manual for the
prediction of blast and fragment loading on struc-
tures, DOE/TIC 11268. Washington, DC, Headquar-
ters, U.S. Year Date Accessed 2015. Available
from: http://www.scribd.com/doc/103350203/A-
Manual-for-the-Prediction-of-Blast-and-Fragment-
Loading-on-Structures#scribd.

13.0steraas JD. Murrah building bombing revisited: A
qualitative assessment of blast damage and collapse
patterns. J Perform Constr Fac 2006; 20: 330-5.

14.Defense Special Weapons Agency. design and anal-
ysis of hardened structures to conventional weapons
effects. Year Date Accessed 2015. Available from:
https://www.wbdg.org/ccb/DOD/UFC/
ufc 3 340 01.pdf.

15.Federal Emergency Management Agency. 428-
Primer for designing safe school projects in case of
terrorist attacks and school shootings. 2™ed. Year
Date Accessed 2015. Available from: http://
www.dhs.gov/xlibrary/assets/st/
bips07_428 schools.pdf.

16.Goel MD, Matsagar VA, Gupta AK, Marburg S. An
abridged review of blast wave parameters. Defence
Sci J 2012; 62: 300-6.

17.Sedov LI. Propagation of strong shock waves. J
Appl Math Mech 1946; 10: 241-50.

18.Teich M, Gebbeken N. The influence of the under-
pressure phase on the dynamic response of struc-

ot Cb dloxe

AY=-45 Slxaos =Y D)Lo.:} -¥ 0593 —-\yay Olﬁ.u.gl}'

tures subjected to blast loads. Int J Protec Struct
2010; 1: 219-34.

19.Larcher M, Herrmann N, Stempniewski L. Explo-
sionssimulation leichter Hallenhullkonstruktionen.
Bauingenieur 2006; 81: 271-7. (German)

20.Brode HL. Numerical solutions of spherical blast
waves. J Appl Phys 1955; 26: 766-75.

21.Henrych J, Major R. The dynamics of explosion
and its use. Elsevier, Amsterdam 1979.

22 Kinney GF, Graham KlJ. Explosive shocks in air.
Berlin and New York, Springer-Verlag 1985.

23.Sadovskiy M. Mechanical effects of air shock-
waves from explosions according to experiments.
Sadovskiy MA Selected works: Geophysics and
physics of explosion Nauka Press, Moscow 2004.

24 Rankine WM. On the thermodynamic theory of
waves of finite longitudinal disturbance. Philosoph-
ical Transactions of the Royal Society of London
1870: 277-88.

25.Hugoniot H. Memoir on the propagation of move-
ments in bodies, especially perfect gases (first part).
J de I’Ecole Polytechnique 1887; 57: 3-97.

26.UFC 3-340-02. Structures to resist the effects of
accidental explosions. Year Date Accessed 2015.
Available from: http://www.wbdg.org/ccb/DOD/
UFC/ufc 3 340 02.pdf.

27 Krauthammer T, Altenberg A. Negative phase blast
effects on glass panels. Int Impact Eng 2000; 24: 1-
17.

28.Glasstone S, Dolan PJ. The effects of nuclear weap-
ons. 3™ed. US Department of Defense and the En-
ergy Research and Development Administration
1977.

29.Sartori L. Effects of nuclear weapons. Physics To-
day 2008; 36: 32-41.

30.Harris T. How Grenades Work. Year date accessed
17 June 2015. Available from: http://
science.howstuffworks.com/grenade.htm.

31.Swisdak M. Explosion effects and properties. Part
I: Explosion effects in air. DTIC Document 1975.

32.Petes J. Blast and fragmentation characteristics.
Ann N'Y Acad Sci 1968; 152: 283-316.

33.Bowen IG, Fletcher ER, Richmond DR. Estimate of
man's tolerance to the direct effects of air blast.
DTIC Document 1968.

15


http://dx.doi.org/10.30505/4.2.87
https://dor.isc.ac/dor/20.1001.1.22286241.1394.4.2.3.3
https://jpmed.ir/article-1-317-fa.html
http://www.tcpdf.org

