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Analysis of Pillar Stability for Ground Vibration and Flyrock
Impact in Underground Mining Blasting

Hyun—Sik Park, Ji—Soo Kim, Bok—Hyun Ryu and Choo—Won Kang

Abstract These days, mining industry prefers underground development for large mining because of exhaustive
minning resources and large drafts and mining cavities thanks to extensive distribution of heavy excavation machines.
In a mining design, to control collapse of cavities and secure stability, design of cavities and pillars are considered
as very important. Therefore, this study obtained a prediction equation of blasting vibration through instrumentation
for underground cavities. And we obtained theoretical shock vibration imposed on pillar through fragmentation
analysis and measurement of flyrock distance. To examine the influence of pillar in underground mining blasting,
we carried a finite element analysis and compared the result with prediction equation of blasting vibration, and
shock vibration of flyrock when a impact was imposed on pillar and theoretical shock vibration.

Key words Mining design, Pillar, Blasting vibration, Shock vibration
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Fig. 2. Pillar of study area.
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(a) Drilling pattern
Fig. 3. Standard

Table 1. Throwing distances of flyrocks

(b) Detonator arrangement

1P3
(c) Cross section

blasting pattern.

No. Theoretical distance (m) Measured distance (m)
1 16.34 31
2 16.34 35
3 16.34 33
4 16.34 53
5 16.34 49
6 16.34 34
7 16.34 46
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D —1.52
Vi = 220.36( \/V_V)
D —1.52
Vi = 433.72( \/V_V) (4)

” =0.83
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(b) Digital image processing

Fig. 6. Digital image processing of fragmentation.

Table 2. Results of fragmentation analysis

RosRam model

Schuhmann model

Uniformity Xs0 R-squared Slope Xs0 R-squared
1.95 18.58 0.9914 1.32 20.68 0.9319

Fao Fso Feo Fso Foo Top size

15.12cm 17.57cm 20.36cm 23.61cm 28.03cm 35.86cm 49.83cm
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Table 3. Shock energy and shock vibration with fragmentation size

Fragmentation size (cm) Shock energy (J) Shock vibration (cm/s)
Fao 15.12 2,723 6.94
Fso 17.57 4,272 7.76
Feo 20.36 6,644 8.67
Fro 23.61 10,364 9.69
Fso 28.03 17,337 11.02
Foo 35.86 36,306 13.25
Fio0 49.83 97,416 16.96
ZREE 72|(m), ARk} HEE el AdRAls 3ol whE E5Y HES] Hlste] 3t
K= A3)A gAte] efito|lBR 0858, A n s sk sl Hukgsia] 3
= GO R ANESh= (0.5, AP de FAFTHCE dojdl FF YAHlE HE Sl F52
FEQ] A(EAR =N viitEs ool F5 & HESISITh
o FEFS Wl AL e AHes HE PO R Fig. 730 o] 3=} dxisto] &
o] xHE #8310] Fao, Fso, Feo, Fro, Fso, Foo,  TRMYP0] =HI Y= s HE dHo=z A%
Fioo SRt A% EE Table 33} o] A&%  slon, WP o eie F57429] 7|2 14.59m,
ek FFe] A7) 7.5(B) x 6(H)melt 2] BE o
HuESo] 7Rt WSS Langefors 9 o] 4% Uuulje o] BAPE o5l wet s
of2] skxlgof o8l A=l ftom 1 V&2 oF o & I viAe AT Fefde o835t
25.4~100cm/soll A fHke] &Afo] dojdtiar Hil duh FPAES APYSIAAL kg o] 2Esh=
o] gtk 4] 3)o] 9l o EH FANEL 6.94~ S oA o) 2-gsls o g Skt
16.96em/s©] W92 MubuEsme ofsh ghked  ASAS Sasklnh Teln WuhilskEe] e
71l AR Eehs Aoz ASE Ik Aot AA| duixke] AR E aeste] o
ol HulEgsls 28 5 0359200 FF=2 H5H
5. B0 OtEA siAl wef) 2 g-ahoict
SR B AR0) Z7(Face) $IA1 Fig. 8
B ot Bae} AR Aue] W £ )

{l
7
woo |

200m

Fig. 7. Dynamic analysis model (side view).

Fig. 8. Analysis point (side detail view).
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Table 4. Input parameters
v V. i ' i
Rock type » Dynamic Young's pynamlc .
(m/s) (m/s) modulus (kPa) Poisson's ratio
Limestone 5163 2832 29,850,000 0.26
Table 5. Shock pressure by flyrock
Maximum fragmentation Mechanical Volume Energy density Shock pressure
size (cm) energy (J) (m?) (I/m®) (MPa)
49.83 97416 0.065 1503805 7.7
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(a) X-direction

(b) Y-direction

Fig. 10. Contour of maximum vibration velocity.
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Fig. 11. Vibration velocity of left sidewall in pillar.
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(a) X-direction (b) Y-direction
Fig. 12. Contour of vibration velocity by flyrock impact.
5.4 B30 Zof| M2 ISEE AE220] AO Face 2 A4, Y W AEdro] A
Yool Eo| ME AESE BAE Tlelsb] S8 % Face | AHOIN 71 B 24 A0 B4
B0 L 15~75m7HA] Im ZHAo® WAl 9o, H5 10] 1.5meflA] 5.5m= Z7F Al 2l
BAe 43)35}9ich 5J—E7]— A= HERS HYon, W Zo] 6.5m
ARl gEE BART, P HEelA X | opgel A = Wt fle Alew 2AE
Table 6. Maximum blasting vibration velocity (unit: cm/s)
L Analysis Pillar width (m)
Direction .
point 1.5 2.5 3.5 4.5 5.5 6.5 7.5
Face 1 43.36 40.24 37.28 34.62 32.48 28.79 28.81
X Face 2 47.69 43.58 39.96 36.75 34.32 30.13 30.49
Face 3 47.20 4321 39.78 36.61 34.19 30.04 30.37
Face 4 42.15 39.47 36.92 34.33 32.21 28.59 28.92
Face 1 8.97 8.07 7.26 6.61 6.12 5.33 5.65
v Face 2 3.30 291 2.60 2.38 2.20 1.93 2.06
Face 3 3.14 2.93 2.64 2.34 2.14 1.82 1.89
Face 4 8.87 7.87 7.12 6.43 5.94 5.16 5.30
Table 7. Maximum shock vibration velocity (unit: cm/s)
L Analysis Pillar width (m)
Direction .
point 1.5 2.5 35 4.5 5.5 6.5 7.5
Face 1 17.91 14.13 13.32 13.15 13.12 13.11 12.91
X Face 2 22.47 16.12 15.01 14.78 14.74 14.73 14.94
Face 3 22.20 16.04 14.96 14.74 14.70 14.69 15.22
Face 4 17.34 13.85 13.10 12.94 1291 12.91 12.86
Face 1 2.75 1.75 1.10 0.81 0.78 0.77 0.67
v Face 2 1.29 0.79 0.61 0.58 0.57 0.56 0.28
Face 3 1.09 0.72 0.44 0.28 0.27 0.27 0.28
Face 4 2.72 1.62 1.03 0.65 0.46 0.36 0.36
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Direction Analysis point Equation Coefficient of correlation
Face 1 y=—15.292 +46.55 r=0.99
Face 2 y=—18.03x +51.08 r=0.98
X Face 3 y=—17.66x + 50.59 r=0.99
Face 4 y=—14.18x+45.29 r=0.99
Face 1 y=—3.55x +9.52 r=0.97
Face 2 y=—1.30z +3.46 r=0.96
Y Face 3 y=—1.38x+3.45 r=0.98
Face 4 y=—3.Tlz+9.45 r=0.98

(note) y: vibration velocity (cm/s), x: pillar width / pillar height

Table 9. Equation of relationship between maximum shock vibration and pillar size

Direction Analysis point Equation Coefficient of correlation
Face 1 y=—3.69x+16.72 r=0.74
Face 2 y=—>5.49x +20.23 r=0.70
X Face 3 y=—>5.12x+19.92 r=0.67
Face 4 y=—3.32x+16.19 r=0.73
Face 1 y=—1.83x+2.60 r=0.86
Face 2 y=—0.7bx+1.23 r=0.87
Y Face 3 y=—0.7bx+1.04 r=0.85
Face 4 y=—2.182¢+2.66 r=0.90

(note) y: vibration velocity (cm/s), x: pillar width / pillar height
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9RAIE] Face 2 279 AFAl(y =— 18.03z +51.08)
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.‘; Wr‘(hce 2) ‘;
E - "’i = % X-direction (Face 2)
£ 8 D ity iy
Y-direction (Face 1)
- . ok O S— e S
’ N Width / Height ' - ’ . Width / Height ' .
Fig. 13. Relationship between maximum blasting vibration Fig. 14. Relationship between maximum shock vibration
velocity and pillar size. velocity and pillar size.
10 ©@ @ W
s ) (1) PPV = 30.48cm/sec; fall of rocks in unlined tunnels
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Fig. 15. Damage level by pillar width and pillar height.
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