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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

Ry 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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Fig. 3. Verification of CFD code for calculations of incident
blast wave; Z = 0.058m/kg”3
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Fig. 4. Verification of CFD code for calculations of incident
blast wave; Z = 0.13m/kg1/3
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Fig. 5. Incident overpressure histories calculated using AUTODYN,;
Z = 1.587m/kg"?; 1MPa = 145psi
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Fig. 6. Incident impulse histories calculated using AUTODYN;
Z = 1.587m/kg"?; 1MPa = 145psi
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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

Ry 1.1

Detonation velocity, D(m/s) 7530
Adiabatic constant, w 0.35
Internal Energy, E(MPa) 8,100
CJ pressure(GPa) 25.5
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Hg. 9. Incident overpressure histories calculated using AUTODYN
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Fig. 10. Incident impulse histories calculated using AUTODYN
for detonation of 50/50 Pentolite of 1kg at Z = 0.12mvkg"”
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Fig. 11. Reflected overpressure histories calculated using AUTODYN
for detonation of 50/50 Pentolite of 1kg at Z = 0.12m/kg"”
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Fig. 12. Reflected impulse histories calculated using AUTODYN
for detonation of 50/50 Pentolite of 1kg at Z = 0.12m/kg"”
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Fig. 13. Validation of AUTODYN for calculations of normally
reflected scaled impulse
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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. 14. Validation of CFD code for calculations of normally
reflected peak overpressure
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Fig. 15. Validation of CFD code for calculations of reflected
impulse

4. W3 VAT a7

CFDOHHOﬂ O‘OW 2] 4?‘& 9] A2 =284 & o]
4= IA ot} TNT 4] Zdlho|
__,%_1:]-]‘]%/\ 231 Qg 94 1219 8j4l0] AUTODYNS A}
of eYE Qe AREE TNTO] S 22.68kg(501b)
tl, o] FREY A o QlojA s MY

o

2

[e)

ol

2 Eor {uto] 7hedt Tl Aol oo tigh F
29 17 g

&

O] BH-2 149mmo|H] W= 1 FUES] FFS

3}7] 9J5to] 1,636kg/m’ 2.2 AE it TNTE JWL
EOSE ARg-sto] Belg] EQlal, 37]& o7 || = e
=it

TNT Zu2RE e 2h7e) o] zaeiea 223
Azrolgol] it w4 Wizte AFS $J8te] 3He] ufe- 2
L 427191 1, 0.5 ¥ 0.25mm7} AREE|QITH 2 A
£ 7{0.4m/kg" o2 HolEglon AgH S elE 7

3] =2X A28 A4Z(EA A1433) 20164 8 277



20000

8000

100000 i
[ —— 1.0 mm r — 1.0mm 7000 | — 1.0mm
——— 05 16000 (— -—— 05mm F -—= 05mm
_ 80000 — [, -5 mm _ A = 6000 4%\ e 0.25 mm
5 N 023 mm g i ‘ Cono & r -—-— CONWEP
e ;™ 2 \ -—-- CONWEP = 5000
T 60000 — 5 12000 - | P N
2 z - K Z 4000 |-
P 2 i g 1) S L
£ 40000 - g 8000 = i £ 3000 -
o 4 - 3 *
£ I © 4000 : © 2000 [
20000 - ! r .
L L i 1000 ~
oA 1 v o L P e 1T o L I,
0 0.1 0.2 0.3 0.4 0 01 02 03 04 05 0.2 0.4 05
Time (ms) Time (ms) Time (ms)
10000 800 400 ——
B == - L - rn‘n:\}- " T TT T o P
goo |- g . e
- - 600 ~ 300 - -
g i = i £ /
£ 6000 - & r 3 L ;
< - = 400 - <200 - ;
I 2 - 3 2 ;
z 4w — 1.0mm §< [ — 1.0mm ;& r / — 1.0mm
= _—— 0‘5 mm = 200 — 0.5 mm = 100 - ! —=- 0.5mm
2000 £ e ) 0.25 mm ’.I [roneees 0,25 mm
r -—-- CONWEP 8 i --—. CONWEP
0 | L | L | L 0 0 o | | ]
0 0.1 0.2 03 0.4 0 0.1 02 03 04 05 0.2 03 04 0.5
Time (ms) Time (ms) Time (ms)

(@) Z = 0.071m/kg"”

(b) Z = 0.177m/kg"”

(©) Z = 0.353m/kg"”

Fig. 16. Overpressure and impulse histories for a spherical charge of TNT of 22.68kg

=0.071, 0,177 9 0.353m/kg”’o]c}, ATH= Fig, 163} 2
©u] ) 0,147m/kg'*9] %9)9] Aol A =LA
of| glo] ZaralAlgol £% ALg-E= CONWEP'” o] At}
H] 85It CONWEPL Z < 0.147m/kg"? 0] #$]¢] 3hA}
Aol thefr= oA 2 FAF At HlolHE Al&st
A 9=t} CONWEP2] t|o]E]i= LS—DYNAO|| &Jste] A3
P \= g
A Z=0.071, 0.177 2 0.353m/kg”* o A 2] %3}
o A)zrol ol tisto] 212+ 0.5, 1 9 1mmo] H4{=27] 9
tisto] = APyt dojFlom, ol 212t £/400, R/500
4 R/10000] g3ttt o714 R o] FH o =5 E &
224740 Agloltt, A% Aol g ejE wE v
SEMES R SR i
$akAE] Z=0.177 9 0,353m/kg"*o] i34 CONWEP
9] g &5} Hlael 2 23t CONWEPT} CFD 34 o &
weje] Zalte] Azl Se| Bulv} mekAR), o)Ra)
Ie 8 Al GES vhe fAR, e 34
&g AlZFo| 8 9] AR At Afo| & Hol7| = 51%i=t, °]
= Eug o] 22]20) JFO 2 7|13t 4
& tf2F Z = 0.8m/kg" "7
WAool o=t Z ARk dFE ok I-Hol®E Eqtsta

=
FARFS W TR SYL T2 20 A7l

of meFo] opd o2yt FAT | FF= | o

ol AUTODYNZ} CONWEP®] BoJ8f= 250 vi-¢- AR
SHE ool ¥ Aow et shiAe] 7 =
0.177Tm/kg "ol 9] Zuprd Aztolol A i ¢
0.09msol| A o] 12} Y F7he FE FAT7 Bt T

Cl

o

P

o
o] 2410 7 3Fsl= AW ul(rarefaction wave)2] &J3F jj
Fol WAyE Aolch, A7 2] Z= 0.07Im/kg P M &
HHE0) sl vl A sto] o] 2 Air) Weks| o
ZHE 2] ko o}

o, 344 E] Z = 0.353m/kg" ol A= o] &
[e)

B o Lo A= AUTODYNS AR CFD 348 55}
oA 9 gAY 52U RIS S (verification) skl A
Z(validation)3}tt. AUTODYNL Needham!"'o] 2]3)
AR gAY E, YA Fo] diste] CTHS
LS DYNAE ARE3lo] dojdl Arzaigte o 43, &
A Zabo|| t)5}9] Goodman ¥ Huffington} Ewing™”



H
=
i
Uk
A2
LVl
ha
ofy
i
oft
é .
=
ot
=
4>
2
o
1
re
-
i
of

Eae 3ol that 2] A YolHe] Fa
NARE AR NHE, 71%0) BAsEY AARES
o 27 okl FEA ke BT F54 do]
BE ANs gk, Sl HESS DAL F
st o|2]9] sfolojR fif S| PHBMEAME W25t
A7) o] AHIHE BASFS AT 5 Glo] £ AT
oA 4 AFE SHHA EE A 2EE ] o
FREY YL Wk JHA A|Eshed] 7)ol 4 9

AoR 7|vEn,

i F¥(References)

[1] DoD (2013) Unified Facilities Criteria (UFC): Design of
Buildings to Resist Progressive Collapse (UFC 4-023-03).
Departments of Defense, Washington, DC.

[2] o)AF, o1EA2015) ZALEHA ] FEA el Tt F

el aztel slia AT, RPTREBEE, o
Zz8}3), A)R7H, A3, pp.273-280.
Lee, K. and Lee, M. (2015) Analytical Study on Effects of
Gravity Load on Blast Resistance of Steel Compressive
Members, Journal of Korean Society of Steel Construction,
KSSC, Vol.27, No.3, pp.273-280.

[3] Kingery, C.N. and Bulmash, G. (1984) Airblast Parameters
From TNT Spherical air Burst and Hemispherical Surface
Burst. Report ARBRL-TR-02555, US Army Ballastic
Research Laboratory, Aberdeen Proving Ground, MD.

[4] Needham, C.E. (2010) Blast Waves. Springer, NY.

[5] Shin, J., Whittaker, A.S., Aref, A.J., and Cormie, D.
(2014) “Air Blast Effects on Civil Structures.” Technical
Report MCEER 14-0006, University at Buffalo, Buffalo, New
York, December.

[6] Sherkar, P., Whittaker, A.S., and Aref, A.J. (2010). “Modeling
the Effects of Detonations of High Explosives to Inform

AR - oA

Blast-Resistant Design.” Technical Report MCEER-10-0009,
The State University of New York at Buffalo, Buffalo, NY.

[71 ANSYS (2013) AUTODYN User’s Manual Version 15.0.
ANSYS, Inc., Canonsburg, PA.

[8] ASME (2006) Guide for Verification and Validation in
Computational Solid Mechanics. ASME V & V 10-2006,
American Society of Mechanical Engineers, New York,
NY.

[9] Goodman, H.J. (1960) Complied Free-Air Blast Data on
Bare Spherical Pentolite. BRL Report No. 1092, US Army
Ballistic Research Laboratory, Aberdeen Proving Ground,
MD.

[10] Huffington, Jr., N.J. and Ewing, W.O. (1985). Reflected
Impulse Near Spherical Charges. Technical Report BRL-
TR-2678, US Army Ballistic Research Laboratory, Aberdeen
Proving Ground, MD.

[11] Frost, D.L., Cairns, M., Goroshin, S., Leadbetter, J., Ripley,
R., and Zhang, F. (2008) Reflected Heterogeneous Blast.
Proceedings, 20th International Symposium on Military
Aspects of Blast and Shock, Oslo, Norway.

[12] McNesby, K.L., Homan, B.E., Ritter, J.J., Quine, Z.,
Ehlers, R.Z., and McAndrew, B.A. (2010) Afterburn
Ignition Delay and Shock Augmentation in Fuel Rich
Solid Explosives. Propellants, Explosives, Pyrotechnics,
Vol.35, No.1, pp. 57-65.

[13] Dobratz, B.M. and Crawford, P.C. (1985) LLNL Explosive
Handbook, Properties of Chemical Explosives and Explosive
Simulants. Report UCRL-52997, Lawrence Livermore National
Laboratory, Livermore, CA.

[14] U2, ol %, 1/4-8(2015) a5 At AesH

APEE SR S7HIE A AP A AR, STt stele
4, atstel, Al27, A2, pp.181-193.
Kim, N., Lee, C., and Kim, S. (2015) Formula for Equivalent
Impulsive Force to Predict Vibrational Response of
High-Frequency Staircases, Journal of Korean Society of
Steel Construction, KSSC, Vol.27, No.2, pp.181-193.

[15] Browning, R., Cormie, D., Shin, J., and Whittaker, A.S.
(2014) “Computational Fluid Dynamics Predictions of
Blast Loads.” Proceedings, Structures Congress 2014
-ASCE. Boston, MA, April.

[16] LSTC (2013) LS-DYNA Keyword User's Manual Ver. R7.0.
Livermore Software Technology Corporation, Livermore,
CA.

[17] #ts, =8, oA 2, o] E(2016) 14 HFE S5



pp-65-74.
Kim, G., Noh, M., Lee, J., and Lee, S. (2016) Dynamic
Characteristics Stiffened Blast-Wall Strucures Subjected
to Blast Loading Considering High Strain-Rate Effects,
Journal of Korean Society of Steel Construction, KSSC,
Vol.28, No.2, pp.65-74.

[18] McGlaun, J.M., Thompson, S.L., and Elrick, M.G. (1990) CTH:
A Three-Dimensional Shock wave Physics Code. International
Journal of Impact Engineering, Vol.10, No.1-4, pp.351-360.

[19] Hyde, D.W. (1992) ConWep: Conventional Weapons Effects
(Application of TM 5-855-1). US Army Corps of Enigneers,
Waterways Experiment Station, Vicksburg, MS.

[20] Smith, P.D. and Hetherington, J.G. (1994) Blast and Ballistic
Loading of Structures. Butterworth-Heinemann, Oxford;
Boston.

[21] Dusenberry, D.O. (2010) ed. Handbook for Blast-Resistant
Design of Buildings. Wiley, Hoboken, NJ.

R o Ll Suksie] Yot Ausl i i 20719 4% U o
AL S5 JEM 2EE Q3] £

Zsich. 2B digk QAL 2wkl
lL ZRA N QFET FA 7k EH st
—Lﬁt_'% ?J;\]_ hui H]—/\]— zq_ol—aﬂ i} zﬂa}:_4 A]—x%oﬂ EH }o:] CFD

AR 298 w3

US| 1 WAL, THBL, Bl BF 2HA

r]o

e} QPARAT 2

2 Zxlko] gt Aojek=

R Qlste] AM7MsE S| R 2 S0 v

ol gholEn AZE AAgA| S IEE e st B
% gRlskal FHsky] flgt =2ls Aol tiste] L8k At

Ssglon], TR ARoldS HAsteh w411 dol hejH s Actesick






