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Numerical Study on the Characteristics of Fracture Growth in Fracture
Controlled Blasting using Notched Blasthole

Seung-Kyu Baek, Jae-Dong Kim, Han-Uk Lim and Chang-Ha Ryu

ABSTRACT A numerical analysis was performed to investigate the effects of notched blasthole in
controlling the fracture plane. Analyzed were elastic and elasto-plastic response of rock, and fracture
propagation under static and dynamic load conditions. Results showed that the region exceeding the
tensile strength extended up to three times the radius of a normal blasthole in elastic analysis, while
fifteen times in elasto-plastic analysis. It was shown that a crack was driven from the notch tip up to
the distance of 23 times the hole radius in the case of a notched blasthole with a notch of 5 mm in
depth and 30 mm in length.
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Fig. 1. Notched blast hole with internal pressure
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Fig. 2. Two dimensional finite element mesh for elastic
analysis with 7236 nodes and 2340 elements
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Table 1. Rock properties of Jechon granite

Property Mean
Young's modulus 56.71 GPa
Poisson's ratio 0.261
Tensile strength 8.335 MPa
Uniaxial compressive strength 140.24 MPa
Density 2667 kg/m®
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SGe = specific gravity of the explosive

Ve = Detonation velocity (ft/sec)

Pg = decoupled detonation pressure (kbar)
d. = charge diameter

d;, = borehole diameter
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(M] {u} +[C]+{u} +[KK{u} = {F} (6)

[M] = structure mass matrix

[C] = structure damping matrix

[K] = structure stiffness matrix

{F} = time-dependent forcing function
{u} = nodal displacement vector

{u} = nodal velocity vector

{u} =nodal acceleration vector

2.2.3 2] ulu}zo] #4

BhA] A= E RS dehe WakeE A4 d
Aolsl7] fete] FHmell eXE 284 2ol oz}
of l4-g ek =217t Sle A uusk e 3y
gl =Xl 423k Wheke g 7hX £ 5 siglen, A
71 AAQ) 4] A 2] Aol £ AE @
o] wAlsle g 30 MPaZ s%lon, X< a4
7% dub w22 100 MPa® sich. A3l
A3t - el ¢t & F2A F o] 3.2.244]
ki Siio )

X5 A walgell4] X9 Za} o] el
ule} 749 g4 9 Aul F Rl ggo] AL Aoz
FAY 7+ Yrk. webA =419 % o Zolof digt HH
Z71& T3] sbe] 27} A 49 g Hu S 7
Tog X3} Zo| & M AAFY A& slgich

xx)2] Zo]7} 30 mm <] Atellel] thele] F-& 1 mm,
5mm, 10 mmE W3t o, Fo] 5 mm ¢ Al
thste] ZolE 30 mm, 40 mm, 50 mm=. WA 3
Asigict.

Fig. 4= F¥udll A 43 =X BE& gujsle] o}
bR Aolct. AA| =x]9] Z7)E ¥ gellA sl

0.3

3\ \\\\\ (o]

notch iength adth

detonating
prassure

Fig. 4. Zoomed view near notched blast hole



68
7h 31571 wioll Shielo] Lhehuiglet.
3.olM AN Y AE

3.1 ¥t wnkg

3.1.1 AslF slollAle] &4, ghAA di4l9) vl

s MR e aa7], g Fo2 sl vehd
v QL HAEI] 3l A 0B RE odolAl
ARE (VA ol Ealet wlaslgict. 7+ AgdolAe]
2219 dHAlE Yt o g e Rudgle] Afs
H9l9l 0.1%% s}5ic}.

84:9] a7 welg Wl 307 ol 84F 7}
A 7% A exi7t o] Eali9) vl sl & wj 0.1%
He Well gleme vy ol gkl si4elld 9o 3
712 7ZA7Agslgich

Fig. 5% &4 o] &alie} Al slollAe] &4 2 &
44 A Az vt Aol g4 4] Azt o]
E8E 01% ol 248 Holmg 138 AdAd:
Tl ERbeht, giAside] AS SHe] B E
7} 'S Aol vste] AANH o2 FA et gl
Ae & sk 7 AR 9 Ho F53HE A
o vlagt Aa Al e Fu3 9] 3ulQd 6
cm H7A] Hof 3-89 A7} QAR ER ) o
o, gaA 4] 79 Fu7de] 15w) 30 em 9]
A erackingo] WHARslI T},

sl QA RS o] £33 A7 E vlaste
T4 AaE gl A5, B4 XY Bsut &
Aol vlsled Fdo] tull A& Hal Aslsiicka
2 gieh. AA) walolld= 49 a7t ks n
2 g94A dl4 Ayl B ebdd Ao g falEich

-8 elastic

tensile strength

—#-- theoretical elastic
solution

—o— elasto-plastic

Maximum principal stress (MPa)
o

0 0.5 1
Distance from blasthole (m)
. 5. Comparison of theoretical elastic solution with
elastic and elasto-plastic analysis results for
normal blasthole

Fi

a

tensile strength —a— 0.0t
—-—-0.2 ! 1
—-0.05 :
—-a-01 |

-8 static |

Maximum principal stress (MPa)
o

0 05 1
Distance from blasthole (m)

. 6. Effect of damping coefficients on the stress

distribution around a normal blasthole

Fi

@

3.1.2 F&15 slollAl 2] damping Ak

A MAE & A £49] dampingoll w} WY
2% 4 8% whgo] dEA Jehdl 2222 damp-
ing®] W32 Qg ool HYAFE AFX|9} vz}
o Ao QlEueE od7] 9sled HudHAR Y F
7HAI7HE 0.012 2 31z, 0.01, 0.02, 0.05, 0.102.8 ¥
)71 S|4 skt Fig. 62 dampings 3R]
71 a3t HIES vlazdk Zelvh A A &
7359k v|sle] damping®] =77} AAGE 339
371 AR o2 YAl Vehdel. o] 2 damping®]
77F 255 A Hell F5e WalellvA)7} =t
= Ag oulsle el Azto|ct. Ynt wialg o] 53
84 A] damping2- 0.01, 0.02, 0.05, 0.102.% W3 A
& 7% 799 AstAEE 5em, 4 om, 1 em, 0 em(F
A9t gl8)e 2 vebdet. 4 damping®] 2717} &
TF 28 23 AMH g YA eRdARE, 0.020]
sl A= & Aol E HolA g AS ¢ 4 Ut v
2hA] B dFellA] HA 9] dampinge g Yupeow F
A2 E9] damping Zto & AREE T Qe 0.02E5 A9
sl eldd Ao = fuis

3.1.3 F3l% slollA o] At 7| 9] F7HA17E 94

A A € s ust el 2o 4=E7A 9
7 9] 77 Yotir] Y3ted damping- 0.022
slar, 0.1, 0.01, 0.001, 0.0001, 0.00001x% w¥3}A)7]
o H4E sl Fig. 72 2’749 S7HA17E
£ W7 A AFE vehd Aol A=)
S o 7ol wlsle] Ho stEAA Y FHAIZe]
o5 S IV E AAH g YA veh e A
<+ & 7 Uek HuikEzR 9] FFRAIRE 0.1, 001,
0.001, 0.0001, 0.000012% &}9-S 7% Fdo) AsbA
2l¥ 20 em, 4 cm, 0 cm, 0 cm, 0 cm et iz}



tensile strength

Maximum principal stress (MPa)
w

0

) 05 1
Distance from blasthole (m)

Fig. 7. Effect of rise times on the stress distribution
around a normal blasthole under dynamic load-
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