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Numerical Modeling of the Detonation of Explosives
Using Hydrodynamics Codes

Dohyun Park, Byung—Hee Choi

Abstract The hydrodynamics code is a numerical tool developed for modeling high velocity impacts where the
materials are assumed to behave like fluids. The hydrodynamics code is widely used for solving impact problems,
such as rock blasting using explosives. For a realistic simulation of rock blasting, it is necessary to model explosives
numerically so that the interaction problem between rock and explosives can be solved in a fully coupled manner.
The equation of state of explosives, which describes the state of the material under given physical conditions, should
be established. In this paper, we introduced the hydrodynamics code used for explosion process modeling, the
equation of state of explosives, and the determination of associated parameters.
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(a) Lagrange code

Fixed grid for mass transportation

(b) Euler code

(¢) SPH code

Fig. 1. Numerical modeling of explosives(Park, 2009).
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(a) Particles within two smoothing length.
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Fig. 2. Kernel function for interpolation in SPH code.

3. siofel Mz =

3.1 &lefe| A3

spst 240 A sfefe g Al WhE wk-gof
ofel] =2 gEle] 2 oAuAE At vk A=
= 7180 P2 s o s Eeit)h e sfef
o] 7H AA| oy A= F=goll 3f Wsh= oA
o] A7]9} jEs Aol WHshe 717 9l A
2% e} Fig. 32 o}

i
£l
et
o 4>

f

A agle] 52

S
10
fl
Ach
<
3
o
A
of.
o
i
[
o

& ofn) B3} wkgo] uhE 9o, Z WhS- o(reacted
zone)y& LFERAL 958 o} 315} wkgo] elojuty]

ofo| Zarupyol chat 4% 2YY

Shock & stress wave

Expanding gases in the surrounding media

Chapman-Jouguet plane

Shock front in the explosive

Direction of detonation
[ ———

Primary ~ Undisturbed
reaction explosive
zone

Stable by-products, mainly gases

Fig. 3. Detonation process of an explosive(Park, 2009).
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Fig. 4. Change of state due to detonation of an explosive.
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Fig. 5. JWL equation of state for high explosives.
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Fig. 6. Polytropic equation of state for ideal gas.

ke W AMAR] QR A Aol F WA
e A )7} 20) A o) 2 ke vl 4
Olck bAoAl ¥ e A1) e} Rs] A

7Ae-0] 714 HARS: WARSE| €)%t polytropic equation
of stateo]th

3.3 JwL AEf

JWL Are]] 9FAAlo] ujj 7 Al o
3(cylinder expansmn test)% %3}04 e 5
A B AR eF A9l F-el(copper) A 2]
Hr Qb ﬁ}‘?nk% F2AA 7]1FSkAL Fgof| uhE
B S 1% 7S ol&ste] AtdiEE &
Sl Alolct. kg o Zlo] 305mm, Yt X
25 4mm, 7 2.6mme] 2] Q] AL} A}
%) 37(Hornberg and Volk, 1989), G-2] AEE AR
Sk o= el & 94 5-4d(ductile property) &2
stof slope] Zago) we W] AL Ausi
st 4= 9J7] wlEolck Merchant et al.(2002)2 Zo]
300mm, 27 25.4mm¢el §]—°‘=% 7 2.6mm¢el
o] Apae] AliEo] ARleh 5 B9 % 30mmise]
CORDIN?] 3|4 AL 7]—uﬂE'J(rotat1ng mirror camera)
= akgate] AFS 2alatT, Itoh et al.(2002)S
=& AUEE AMSSHA] a1 PMMA(polymethylmetha-
crylate) UL £2E ARB] 2FolA BY S
100~10,000,000 fps@] HADLAND PHOTONICS 9]
IMACON468 7Hi|2ts ARg-8to] AlfS 4=3)sk3ict
(Fig. 7).

ARIE A Algel ofs) B store] Euk oy

er-u;!9_| O 7HEH S~ ARE Hied

ot of of mx mx ot

loln

rO

ofo| Zarupyol chat 4% 2YY

PMMA AQUARIUM
WATER
SLIT IS
| 250 | €
| B
N 1
SEP /‘
DETONATOR

Fig. 7. Experimental device for cylindrical high explosive
(Itoh et al., 2002).

| : —~=— Copper cylinder l

filled with explosives
.

Fig. 8. Example of cylinder expansion test(Donahue and
Ripley, 2005).

= ©|&3to] JIWL e W Alo] mizieEs 2%
Sh= ol 2A| 314124 W (analytic method)t
A|8Y @ 2}¥i(trial and error method)©] ¢Jth(Lan et al.,
1993). sfiA2] W2 Al e o) vk Alite] wh
£ grigt £4 AZRE ©5A1717] 8l TeshE o]
24 e olgslel Aue B 4] He U
3} wlo] P i ol ABLARE B
B ARIE W o] $) Folet mEw sl 2
slo o8 w9l UolA] AX|T uriA) wheHe s A
Aeh WOt B4 e weslo] A &
woll] w&HoI} Hebio] Wolxl Ao el
glow, QAo ARerie o

s 21—

I

& 2d4% e oS3t ZEH—’P-
@ deje] 27| uifHRER AR HF AES
A4
@ ARG W AFe] Aol =x]sj4 ] At
23 A& v



Detonation

Streak Record

- 2/g3| 37

Expanding
Products
\Lr"""‘

(a) Photographing using streak camera

(b) Comparison between the numerical (left) and experimental results (right)

Fig. 9. Determination of the parameters of JWL equation of state(Itoh et al.,
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