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The Influence of the Detonation Velocity of Explosive in Blasting
Seung-Chan Lee

56

Absract : The detonation velocity is the rate of propagation of a detonation in an explosive. An explosive’s
velocity of detonation(VOD) can be used to indicate a number of important characteristics regarding the
product’s performance under specific field and test conditions. Also, it is useful quality monitoring technique
and can be measured accurately and easily at borehole and testing sites. This paper discusses the relevance
of the detonation velocity of explosives in blasting. Attempts were made to classify detonation velocities
and offer an interpretation of blasting process which will be useful to blasting engineers. But it was found
that there is not necessarily a direct relationship between detonation velocity and explosive quality or
efficiency.

Key words : detonation velocity, blasting, blasting process, relationship

At
b

o

Fe da Bol Mg 24 slollA AFY A

o %—75 _,1- I §]roh
—'F 9101 4 Wt 27 i A}%EAL 1r:} o] w=HoME o
: % Zay w34

Aoz Ve

> Jlm‘ﬂ.l}m
e _‘“OZ:L\‘:‘, -
o

AQ

_,;

o b

H’l

E

ot

C, 1©

19

L

J

SR

ok My O it
o & B
o
Fﬂl
[
ox
o
i
o
W
e g
i
ok
e
2
_“_L
N
i
N
2,
é [o3
do
°¥0
21’,
X,
>
o
i
e

£ 0 3o o off by
Tl

)
2
]
5
=3
i

T

T
i
ofd

2,
~t

o

Ol

ok

)

r:l
2 a
o i
~ ——
= o
oo 0%,
o rob
rr y
e Hu
S ©
o 4
L 19,
Qb =k o,
D -} 4
o ‘\E ﬁ IIO
2 0,

9
>
O
B
[
2
(h)
=)
U o
o n
N'Eékm&
R 2 0 L > Wl o Moo O

AABE Sltt (Table 1 Z2). o} uta}

EA AE slg2ad AU HA A=z 9 &I Fof
= Fd(velocity of detonation & & detonation 3
velocity2} A 3ghe] w=w iok,] o) =
Eﬁ:o] o ZEok A=o]
© ZA%o] Atk 17 a 7e Qo
toluputol B, Aol ofgh <l
o QlE(ANFO)E Al 83le Aoz <sim 2. 3l 7| o]=2 /A

10 o4
N

ol

123
¥

e
B

Mg 9
2
X
rlr
S o)
o b
o

g

21 718 7y
(e A8F% WA sherel A9
Fd 12005 9¢ 169 A WE &z of

o2 oX,
o i,
O
o i)
= W
oX
S
ol mg
LI

=
] -
rr

N

- 43 -

f
=
]
h=)
2
=)
rr
o2
o
=2
=2
[«0
o

L L
2



Table 1. Properties of explosives from Hanwha corporation

Q)

AT BAEE|WETE| T | FAD | GFAR | 2P | WY | .,
(m/s) (%) | (g/cm) | (keal/kg)| (em) | (£/kg)| (TC)
o 7}he) 2~ 6000 160 12~13 1300 100 865 20 | Wl 5
o 7}ujolE | 6100 170 13~15 1152 50 880 -20 5
FrlolEZH Al 5700 135 12~13 1100 100 736 20 | i
FulolEZH AL 5700 120 11~12 880 100 826 20 | WS S
dg kel Hde dyat A% UAY BEEEI} FAZ 2RHE G4
slore AW 3ol o8l Te) 7has A4 A edun mow . L R ERE
@ & Qe HBoldn PoiHol Utk stk A4 wajop Ak FAE FUS(intimacy)= FHoh]
Bo Aa QRe} ws A dadhe] otz Aa9Ast A8 z}gu Auws ousig. A
MAY 5 e B, Fa, B BR0E FL O Ae 25g 7 Rl whg, AHES A4
2 2R3 o AgydRe ¥Esin 9 95t dAES AMEStS st3thot Spot)S-
B4 QG sloke WS ¥ OUSUL, Ae, M) AT RolS(voids) FL Af T I
pelreuEn 2o FEAsE0] A4 Bejojop gtk m9ty FZHTHEYTH} ool
RE ool steke] 4o 4TS FE ) oW HolE F2 vk: EF2 suke] 4
stFEAA7 Aok AME JUARJIY =E Fef o oF dEHEG o] FHT UFE 3 <t
o] 7+ AR WAL ARG FEF R YUE h2e RS FAE 74X AN F9
Al el AE AR YAojof BTk W] o TAY AnARES F, W) AFHG. o

EZ 33 v A Z(Mechanics of detonation)

SH 0:1§ FRONT 4{
), W

Extent of reaction

-+—C-J Burface

Energizing

Senaitizing

Time or Distance

Fig. 1. Release of energy within and behind the detonation reaction or C-J zone.
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Qo] Bubge AYAIE g olRolth = slelME ZW gFe Avelw sebe Huel 3

A
@ o) ARFIE HRES TR WED A AUAS BEaTh
2949 ARAASE A B MR FFetel  Hugol A FHolH wydc o seke
Hge WG & Y= Aok dlolgA o %x dglck Bk olg 2L
vAlEto @ o ZH(eensitivity) 1B o] HAE  wolaHY B4 Fold shetel 1A Ao
HLg-e A, RAS] Sla) £7HE ouX A ouAZ} gaEthe AL otk CE el
S22 o @, $EE SR E S 3B (heave)s) A3 ol
89 % otk o] A YRE Eysiz A
22 %3 WAUZEH Eofe 97 RS Hol4a shepel Exe gadn
Zope| oA Fobe] AY F2F aholn = TE REO) UAR AP, ABVTh Ho

gholiA] e SE(FE) BT @A Bfio slE Hlold Fxw dgdddr] EE AUATE &
o]
2]

29 %o ol gete] 24 o
: ;

=2 — hl

3 w7 Fl Wate] hers] dHsih 7 t2th Fig 2& 534 BAE(INT) &2 ¢
Fig. 1& sfeke] wkgst Aol #ate] yehd 3o} 22 Aot qEd £ HEZ I
Aolct?  gshitgo] A ZEECA Aatsle] w2 Aislere) FopAe] wE T&ENE o
FAN 54 452 AN o] S Fok gl AEZR ek Aovh nA|sterE Rl (grain)
459 293 3y 4 &t 248 AL Zo] FH wige] AYHI] wgel A
o v el A3, MAE, §FE A W o) Al we) YAk Wk R Ae) Hojin
of @2 e} = o] £E& ope] vlFI YAk MR AQFSer whgo] StaRo R FEH 1Y
A7) &gt Rz APHDE Wg FUAL Aol Ao
EE whg-o] Chapman-jouget(Cyad QoM 24 wWe} S7130h ARHog qgFero] o)y F&
oyl steke o) FFow Y Hlta Lk o o @Y gnEa o] 548 o8t Fef 7|

AL siefo] AR A AUAZ Fqsh AAL WAL sepgRd W Bty Y, 58
A DL Ho) o) W F&e AmAolh o) 21 =§ AF AL, el 7}

¢

off
PrL
X,
it
32
A

Ligud

100% |Ideal

) Sohid
Detonation

Veodty(%) . ]
Crtical Diameter

Charge Diameter

Fig. 2. Detonation velocity as function of charge diameter for typical solid
and liquid explosives.



46 sjete] Ero] Waje] plHE FF PE

2§ geke] o7hge tiREE Hol=(voids)
o] o]&Fsgit} Hol=i= A HHAM Y WE, plo]=a
Z ¥ E(micro balloon)2. & & oI} FH|OHE,
Zgdzete] vAF, OE4 2 U AR
o] FHxlAlelel] Q= FZro® EXgTE. Fig 3
S BY Holt Z7to g ofuAEZ e 3
B F408S 4o Hol= FHI R
o] o] ¥h-3-& EYPufo] ML RA|Ft}. sAaTlo]
g5 foff T EQT 2o Yxle npgoez R
Bl dFog Aigd ooz A, 23d
glofol MAlfFAEANYAE Holx stiam &2 1
#l9l HA(grain burning) ¥Hg-oflA wu} @ A

of BjEHth e stagto] gle gof RiEe
dasl7] HaiMe B2 AIE Haw 3 oA
2 oyl Zof wjEEo] ek £HE e}
drt o] £42 ANFOA FF3oid= o2A
Zokoj A o H o] HEo] AN ZA o] HEEHE
Az} zho] sk=3po] Alg}A]7] Whito|v). weba &
oke Fig. 33 o] st2=3gh(hot spots), A4, &
A8 B oz Jiojol Frh

ol4 & dHlojy &=

sjoF 249 olUsh WS Ekof FPE 7

O
Doo?j 9
“o
D o
Q
A

o Harries(1983) 2 &9 2ol o|4%% 7244

< Atact?

D =K/ Q*1 + 1.33p) ey
o]7]4], D : detonation velocity(km/s), K : heat
of reaction(MJ/kg), p : specific gravity of the
explosive, k : thermodynamic constant ~ 1.15

el A],

25, A4 E52 2 0 o]

e HeE) 40}04 2E AT Table 2=
o] A& maoq SLEL(ANFO) 9} of g }e] of
AEErh e get ojgA WgeEAE e
@ Aol

2
i
2
o
ol
tlo
-{N'

&=t *}»Q%‘ —’F Ath. Table

3e ajola ABES HrivlolE 18 o e
ol-g-ate] A2IE ATpolry

o] Table 302 5-¥] v7lujo|E (8] A &
& oF 6100m/s2 AE Ftgz 1" AAsa 9
ouw gﬁo oA £ o ol: 85% %o]tq §;}
oF oux]9) 70%7} FPol o)]&wxm °F 30%7}
3 6kg & dy A AEdEves As F2Y 4
A}

__—— Hot Spots

e

o o
o O [a] a
o] .
N go 0 g AN Prills
T R
LDo%eop s
o —_—
2o, ()
"8 — -+ Diamaged
(8] .
Explosives

Fig. 3. Hot spots, burning phase and wasted material.

Table 2. Ideal detonation velocities

Heat of reaction
Explosive Densit cc Velocity(m/s
p (MJ/kg) y(8/cc) y(m/s)
: 0.75 4,480
ANFO 3.8
0.85 4,780
1.10 4,910
Emulsion explosives 3.0 _——{‘————
1.30

5,440
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Table 3. Non-ideal explosives (MegaMITE 1 @ p=14g/cc, Q=4.82M]j/kg)
Velocity (m/s) % ldeal velocity % Energy in detonation
7230 100 100
6860 95 90
6460 89 80
6050 84 70
5600 77 60
Z2/2}(detonation pressure) 3ok S A4 T8 (oxygen balance)s @ 7}
ZAge b Aol o) A A4 B 5 A aaE zgeo) AR YRS Z7147)
A 7] fete] dRUlE LS F B BAL YS 5
Atk BFelE BVAAATE R o)A WS
P = pDW + P1 @ w32 AT Ehe aUAzl 2okl o
&}7}14], W : particle velocity in reaction zone, 2} 45L& Z718 Aot a8y gutAc® Ay
P1 : atmospheric pressure & gtof Azl Abgshe EFEPE ET2 WY
% (reaction zone)oll A Hx135] wh-gatA] Fafal v
T uiFEel geFe D/W = 4, PI< Polng g FHoA whgaiug Lo dAHoR 3}
@HE a3 2o & 5 3 2% 2y dA gehkgolA HA ddviA=
FUsteEz SUH duvAs &9 sEy g
P = (pD)/4 (@) o188 & g otk g 5o WT ex® 3
S+ AHAustin Powder)9] o2 (emulex)E 2
DE sloke) 2 pel Frolng Aot ALAE W o5 2uE Yokl AR S99 A
golaiA Borel Az WEE wEow ETAYS  Fel A9 VOD 2a AFo| Table 49} 2o i)
e o vk webd ZelAEdA A9 22 A v oY e XEL@] A el
T 228 Yol 553 859 AFS A ghef of Aol Ak w2 CJHA o
g ok dE 29 YE3ere] AuHlE ANFO(x Y Zoln woh e duArt 2o A2 W
bFAIZE L type)rt dE S392 Mild ANFO 83 Aot} = Fig. 49 2ol %2 44 RR3}
& A dustar vk o] stope ofFAET FH o] FekAo] Lopxw Elte] r)ojdle Fhefe]
& Bl 2EHE dUAIZE Aoz Aojdul  oFo] HFAsA Ha whahM Fh Fad oA
u A Adatel] 2 ARG gl o] sheko] o (Fig. 49] 4218 FE)7 A FFE FHE ®
He glefel Amrh vtonmg A kel gleko] g HolAA Hrl
ol FAHZE AR A B TS HFshiof
Table 4. Emulex : Austin Powder”
. VOD, m/s Detonation pressure RBS
Product Density(g/cc) unconfined (kb) ANFO=100
Emulex 710 117 5150 78 107
Emulex 720 117 5030 74 142
Emulex 730 | 119 4725 67 162
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Fig. 4. Charge diameter vs energy.
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e A Zlolv(primer)] o}, Aol o7
o B4 otz ot e MAFRG A Ljolr
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& %7 9 el E Wol WA AT
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Yo JlEe 7% Azgelng REg Lejoly
AHEE ws ds) B8 BaAh

Qe ool Age AT BB
mejolme] B EEAF A% F& 332
F4%0] AIRE A4 K402 JLHE AN

Y AE Fekasl o)k A el

23 3o} A9 F5

Lownds(1990)= $tghol A Qhst shefe] 4%
288 7t FdS ARgSte] o B A
el gekoluAg BH3gY 1' Bt A
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Pressure| 1
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3
P 5b
4 ba
Volume
Fig. 5. Energy partition in blasting (P3 : explosion

state pressure, equals peak shock pressure,
P4 : end of shock pressure, P5 : pressure
when gas begins to escape, P6 : atmospheric
pressure, 1 : kinetic energy of shock wave, 2
: static energy of shock, equals strain energy
in rock after passage of shock, 3 : dynamic
energy during crack growth, 4 strain
energy in burden at release of burden, 5a :
heave energy, 5b : energy lost in escaping
gas, 2+3 : fragmentation energy).
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Point-to-point %4 Z4We sefo] Felad A o] 71% Bl weh mAY sfojojel Lolr} ol
g =3 As)Aol AdolmE Y EAHsE  AD Aol Bolmk SRR E&g des
Aolth. 7k AAolA RAF AZRHAL 7D B Aolek. of ae B4 koA seb got
&9 ZAale Aotk AME H7) B We  FY B& 20| sleTon zeeln A
A Flo] QukAolk o] WAL sefe BF  B&Y F P& 59 4| Fsgo ¥R @
Zxg zAsien o WAL B3 AR SHEAA A4 doleE SHse] Bole av
go] A§HTHFig 6, 7 BE) sjeo] &4 5& BYY & Yok Fig 8 273

e JER Fig 95 24 2ol

- =
] \
q Data Accuisiions System
_ Resistance and Constant Current Power
Wire Supdly
Explosive
Computer
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Fig. 8. Continuous VOD for explosive charge.
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Right Cursor
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Fig. 9. The result of continuous VOD.
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Heave
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- ! |

Enerzy Release MM ! | !

by Explodve 100~ : i :
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. Wasted Energy

50

25

0.1 1 T 100
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Fig. 9. Explosives reaction and rock response(A : ideal explosive, B ~E : non-ideal explosives; A, B :
high shock(good for frgmentation in brittle rock), C : intermidiate(good frgmentation and good
heave), D : high heave(good for soft rock and cast blasting), E : poor performance-energy
wasted)).

Table 5. The performance of heavy ANFO performance

p Underwater tests
Explosives Density VOD(m/s) Burden velocity |
(m/s) Shock% Bubble%
1 1.06 5200 115 100 95
2 1.10 5000 155 97 100

Table 6. Long term stability for slurry explosives(EH : &4 £ (P13) 25mm)”

717+ AZAE 3 744 6 MY 9 A4 12 74 15 714
E 4 (m/s) 4762 4651 4545 4444 4255 3846
el %(FHA/ A F) 100 98 95 93 89 81
5 (%) 114 112 108 101 100 40
givl % 100 98 95 89 88 35
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Fig. 10. Fragmentation energy vs detonation velocity.
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Table 7. Heave performance ranking

Heave performance Fig. 10 type
Excellent : &<, d|o|Atalef D
Good AEL, o] 4HZ AulF)sie} A

FE%, vlo]gsof c
Adequate : EZ, 315 AU B

B4, oldso} A
Poor waste o AA|&E 717 E

Table 8. VOD sensitivity

For a 10% decrease in

VOD Decreases by

Energy released in detonation 5%
Explosive density 6%
Grood 7 Damaged
Exzplosives Explosives
D D
@@ o O
@ PR
@ @
Detonation Velodity m/s
3&00 5000 5000
Percent Wasted Energy
50 50 T4
Fig. 13. Special cases of damaged explosives.
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