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A Numerical Analysis for Blast Pressure and Impulse from Free-Air Burst
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Abstract - The need to accurate quantification of blast pressure loading in the near field is important because the focus of security
design of critical infrastructure, buildings and bridges is for near-field detonations. Incident and reflected pressures for near-field
detonations are very difficult to be measured by commercially available pressure transducers due to the high pressure and
temperature, which requires a verified and validated computational fluid dynamics code to reasonably predict the near-field
pressures and impulses. This paper presents numerical studies to verify and validate a CFD code for calculations of incident and
reflected overpressures and impulses. The near field is emphasized and recommendations for mesh sizes to optimally simulate
the near-field detonation are provided.
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Table 1. JWL EOS parameters for TNT

Parameter Value

Density, p,(kg/m’) 1630

A(GPa) 371.2

B(GPa) 3.231

R, 4.15

R, 0.95

Detonation velocity, D(m/s) 6930
Adiabatic constant, w 0.30

Internal Energy, E(MPa) 7,000
CJ pressure(GPa) 21
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Table 2. Ideal gas EOS parameters

Parameter Value
Density, p,(kg/m’) 1.225

0 1.4

Internal Energy, E(MPa) 0.25

Axisymmetric boundary

Fig. 1. 1D CFD analysis using AUTODYN

Transmitting boundary

Arepunoq Sunospfoy

Transmitting boundary

Axisymmetric boundary
Fig. 2. 2D CFD analysis using AUTODYN

2 Table 22} 2t}
QAL 2T} AG| Aol AL Fig, 13} o]
AL ARgat 1D Eu|SlolA ST 1wk
Fe3 A% Fig, 29} 2o] 23R @D)olA AlE
A gk, o}7]4 2D s Hof lo1A, AL H]-8-2 24ls}
7] glalel 2Au7) whAEl] 7R 2] 1D 4TS D= A
%) (mapping) 810 A3,
&7 UFC 3-340-02 59| =4
Moz Sl EAaES Aelal Qi
J—l o

ZE
s Eae] dstol 145

B A

o

AL

AR - o] AT

AUTODYNZ AR23F CFD Z4F el 310 (verification)
5] Slstol SAe] ol tske] Needham(2010)9] 45
S| ATE ARSI, APl thste] LS-DYNAS} CTH
& AHE3E 314 A (Brownig et al., 2013)& ARE-SHITE
CFD Z} 2 el-S 31¢](validation)d}7] $J5te] A 2]o] T
3}o] Goodman'”' 7} Huffington and Ewing!” 2] 2% gjo]
HE A3, 9712)o] thato] Frost et al o] A3 ]
olelE AMEIL

w

123

I

o 2Eo) Tt el

| -

Needham'"-& 417 1400mm, $-7] 18,000kg®] TNT &
ol tiet LAY L LAY A DTS Harst
Ack AMEE Y TNTQ| == 1570kg/m 0|}, o] 34
S Rt §3 R F = (Lagrangian finite difference
code) & AHg-8te] =8 =]Qlr}, FE-2 LSZK EOSE AR
slo] HElF L¢3, 7]+ Doan Nickel EOSE ARE-5}H]
z2ee EQrHY Needhame ZHHEo] ubA o] 1 10, 2.4
ull, 2,64, 4,58}, 11,74, 264} B 348 AjoflA] A S5t
HBo] oist 23S RSkt o) 247 gk g, Z
0.058, 0.13, 0.14, 0.24, 0.62, 1.4 ¥ 1.8m/kg"*o] A
gttt Needham@| A Aut= L& o3k CFD A&
9] gkQl(verification)S ¢5lo] AMEE AT

2 Aol A= Needham®] 1D K Elof| thsto] ZiHE-2
JWL EOSE, ¥7]°l tellAl= o714 EOSE AH&-sto]
3|4 0] 3= lc}, TNTS] Wi= LLNL U=l 1,630kg/m’
o] ARE-E|9ITt. o= Needhamol| 2J3l 714 W= R} 4%
#t}. LLNLE =9} 2w v 1. 4mo] theh HhEo] 77
L 18,735kg O & Needham®] ZHHEEA|(= 18,000kg) S}
 Aol7}t gl

18,735kg 9] & TNTC] Zxo] tfjs}o] AUTODYN-S 21
(verification)s}7] gt =28l 0] 9bA] AF5, Needham
of ofsto] Abg-H 772 FHibA E]of thEte] S = Qict, Bt
A7) Z=0.0589} 0.13m/kg"*of| Tt 8|41 AH= Fig. 3
9 Fig, 49} o] Ae| Rol w2 239te p= UERAITE
TR A AT E gRlek] flsto] 47)9] 8.4 A7),
1, 5, 10 ¥ 20mm7} AREE QI

AR Z = 0.058m/kg Pl A BE @2 F79f ts}
o] 3414 }= Needham®] Zu}e} vl fAFSHGITE, Fig, 3
oA theF £=1.3m FA 9 Fth2aebe F8 A5 A

=
LEIM(rarefaction wave)”7} ZEHE0] 1 0 2 HE Edko] =



——— 5mm

10000 {—~ [-=== 10mm

0 0.4 0.8 1.2 1.6
R (m)

Fig. 3. Verification of CFD code for calculations of incident
blast wave; Z = 0.058m/kg"”

5000 f=... e Needham
o —— 20 mm
: ---- 10 mm
——— 5mm

-—-— 1 mm

2.4 32 4
R (m)

Fig. 4. Verification of CFD code for calculations of incident
blast wave; Z = 0.13mvkg"?
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Table 3. JWL EOS parameters for 50/50 Pentolite

Parameter Value
Density, p,(kg/m’) 1,700
A(GPa) 540.94
B(GPa) 9.3726
R, 4.5
R, 1.1
Detonation velocity, D(m/s) 7530
Adiabatic constant, w 0.35
Internal Energy, E(MPa) 8,100
CJ pressure(GPa) 25.5

A14335) 2016 8 275



A g5 T ofat Furekelat Sl dig 814

cHFig, 23), o] RE Ss| FUORKE WA} Hutfingtons} Buingo] US| vl pig. 133 &
Ak A2l oSS S BA Sl spmnay) o BE SibAelol F31sf AUTODYNG] SIS E T
ol QA3 S HEIAL ASAAZ AR AN 2358 5 ok A, b, AUTODYN
CF, QERGATAL AUAROIC], FUA FATE E 2 20 KI5k 239 A40] o1 A alidation
W OB e PAROR e el d%Ae
2389 ouix] 4.2 A9 gk, 224 EelelA ¢ 06
o BEAHE o 2RI AN (x, 5) = (8, 0)lch oo | 096 mm

#472) Z= 0.12m/kg” 0| A 1kg Penliteo] cjate] 7 = T
APE QAEIOH 8 QAR Aol 217t Fig. 9 g 80 -
W 107} 2o S 234 0,06mme] #4127]9] sto 1 7 o0 |-

A A ZI SUBSS HolEeh, WA = a0 |-

A5 25 Agko] o] that 234 shA Ak oleh Akt %o |
(Fig, 11 W 12 #%), E3H u]53t )4 A3} 8hibrle] 2= fl | |

0.08, 0.16 @ 0.20m/kg"?o] Hjatoi = T2 QY 0 002 004 006 008

aE 7)) EAEAE o] Histe] AUTODYNS ARg-3h

Time (ms)

o] AAFE T 2 E 2 uAE AR Z7H Goodman 2 Fig. 11. Reflected overpressure histories calculated using AUTODYN

Fig. 9. Incident overpressure histories calculated using AUTODYN

for detonation of 50/50 Pentolite of 1kg at Z = 0.12mvkg"?

20
40
———-= 048 mm 16 |
Q 30 .......... 024 mm é |
| &4 0000 |=---- 0.12 mm o
= ———— 0.06 & 12
5 mm s |
220 |- I
LS
e 2
5 h =
&S 10 [ 4 4 -
{ .
o LA 0
0 0.04 008 012 0.16 02
0.02 0.04 0.06 0.08 Time (ms)
Time (ms)

Fig. 12. Reflected impulse histories calculated using AUTODYN

. . _ ko'
for detonation of 50/50 Pentolite of 1kg at Z = 0.12nvkg"? for detonation of S/50 Pentolite of Tk at 2= 0.12

50
061 i —+— AUTODYN
05 40 Y —-+-— Goodman (1960)
- el --e—- H&E (1985)
£ 04 >
g E 30
203 S T
éo.z § L
N~ (—
01 10
0 O 1 I 1 I 1 | 1 I 1
0 0.04 008 0.12 016 02 0.08 0.12 0.16 0.2
Time (ms) Z=m/kg'"?

Fig. 10. Incident impulse histories calculated using AUTODYN Fig. 13. Validation of AUTODYN for calculations of normally

276

for detonation of 50/50 Pentolite of 1kg at Z = 0.12m/kg"” reflected scaled impulse

Sy 2sts] =8 A28A A45(EA A14335) 20169 8Y



Sl AlmE.

A A Q] whApEIRE I} 52 7o
o] CFDIEE HZ(validation)d}7] 93k 22+ 4=] 3]
Ho| == 9t o] AT T+ C
5ol el B fAEAbEIE at AT gt 34
HES AL Frost 52 ZE2 FAHCERE 1 2m
017l 1kg 9 0,5kg?| 3 C49] Zto] tfgh RiAz e}
27| st A ATE B skt ARE S
=1.2 9 1.51m/kg"”?¢] tJ8F AUTODYN &|4] 3} Frost
| o%t AAgksel v 9 HEEI,

C40) 3t JWL EOS ¥14=5-2 Dobratz and Crawford ™
of 2J3] Bi1% ZFSo|thTable 4 #%). AUTODYNS] gl
71 9 o4 e AL kA 7|eE R E | gigt
a8t FAFsHA =gl 144 sl Imm 2
0.5mm2| ®327]7F AREEIGID, 22kl BfAolA=
1.2mm ¥ 2. 4mm2| w4377} AFEE QT

WRARR o) 23kt 2 o} WhARE- A Fe] gt AUTODYNS] 3f
AT} Frost 52 A ZAutete] vl 77} Fig, 14 2
159} 2tk 34FA 1.51m/kg" o) tisto] AlAE WhALY
22 Frost 52| AR T} thAx(32%) ZHA|NE, 24T
7] 1.2m/kg"?2] 4 A= Frost 5] AIfo] wf$ =
Jelich(Fig. 14 =), v5o], WA o] tialjAl= df
Mgkt Adgro] ghakA e & tholl thste] w9 fAFsHIT
(Fig. 15 72, wba], YA ] Zxof tfgt BhakzperE
3t SATFl| gk 22k s Ale] thste] AUTODYNO] 45
] QlehaL AbE )

off M % &
N

el

Table 4. JWL EOS parameters for C4

Parameter Value
Density, p,(kg/m®) 1,601
A(GPa) 609.77
B(GPa) 12.95
R, 4.5
R, 1.4
Detonation velocity, D(m/s) 8193
Adiabatic constant, w 0.25
Internal Energy, E(MPa) 9,000
CJ pressure(GPa) 28
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Fig. 16. Overpressure and impulse histories for a spherical charge of TNT of 22.68kg
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