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Abstract

A Study on the Blasting Dynamic Analysis Using
Superposition Modeling Data

Park, ji-woo
Advisor : Prof Kang, Choo won
Department of resource engineering,

Graduate School of Chosun University

Since blast-induced vibration may cause serious problem to the rock mass
as well as the nearby structures, the prediction of blast-induced vibration
and the stability evaluation must be performed before blasting activities.

Dynamic analysis has been increased recently in order to analyze the
effect of the blast-induced vibration. Most of previous studies, dynamic
analysis has been performed by using measurement vibration waveform which
is measured by bore hole blasting or test blasting.

The waveform made by bore hole blasting has the similar vibration level
and duration to those the waveform of sing hole has. However, there can be
a little difference in attenuation characteristics with the blast induced
vibration waveform in the field.

Measurement vibration waveform measured by bore hole blasting has a
weak point that it should be preceded by real scale blasting in construction
process.

Through the superposition modeling of single hole waveform, I obtained the
vibration waveform on the blasting condition changes and conducted dynamic
analysis using this waveform in this study. The outcome from this study can
be exercised in design process for data for evaluating the computed demage

ranges in nearby rock mass or construction caused by blasting methods.
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T : Period
Frequency = 1/T
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= 0.707X
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Figure 3.1 Harmonic oscillation

Xo : Displacement amplitude(cm)
Vo : Velocity amplitude(cm/s)
Ao : Acceleration amplitude(cm/s?)

Displacement
Acceleration

Velocity



peak value(0 to peak) = A
virtual value(r.m.s) = 0.707A
P-P value(peak to peak) = 2A

Figure 3.2 The size of sine wave vibration
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Table 3.1 Vibration unit
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Table 5.1 Test Blasting conditions and Measuring result

Measuring result

Charge per PVS .
Bore hole weiggt(ig) PPV Frequency | (mn/sec) Distance(m)
(mm/sec) (Hz)
vV 54.9 34
0.75 T 18.83 >100 56.4 5
L 30.5 39
vV 15.7 85
0.75 T 10.2 51 18.8 20
L 18.0 73
vV 4.83 51
CH-2 0.75 T 3.46 39 6.37 40
L 5.52 64
vV 2.83 93
0.75 T 3.73 85 5.83 50
L 4.67 79
v 1.46 146
0.75 T 1.27 73 2.16 65
L 1.97 68
v 27.4 51
0.5 T 13.7 51 33.6 5
L 29.5 57
v 7.11 >100
0.5 T 5.338 >100 9.62 20
L 6.41 57
v 2.51 >100
BH-1 0.5 T 5.89 >100 6.29 30
L 4.86 >100
vV 3.62 >100
0.5 T 3.78 >100 6.91 40
L 4.78 >100
vV 0.46 85
0.5 T 0.25 114 0.0.54 90
L 0.41 102
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Figure 5.2 Result of regression analysis on Vertical component
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Figure 5.4 Result of regression analysis on Longitudinal component
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Table 6.1 Applied design parameter for some of the shots

No. 1 2 3
Explosive Emulsion explosive
Explosive diameter ¢50mm
Detonator MS or LP Detonator Detl(\)/[nsator
Diameter(mm) ¢75mm
Drilling Length(m) 3.2
Burden(m) 1.2
Spacing(m) 1.4
Charge per hole(kg) 1.6
Charge per delay(kg) 1.6~3.2 3.2
Number of holes 21 7 7
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Figure 6.2 Firing times for a Pattern
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Figure 6.3 Full waveform of longitudinal component
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Figure 6.4 Single hole waveform of longitudinal component
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Figure 6.5 Full waveform of vertical component

_24_



24
R
2
E
E 04
E)
3
S
(3]
> 24
Vertical component of SN. 1
0 2‘0 4‘0 6‘0 8‘0 1‘00 150 1210 1(‘50 1&0 2(‘)0 2;0 2:10 2(‘50 2‘80 300
Time (ms)
Figure 6.6 Single hole waveform of vertical component
10
8-
&7 Il | |
§ :- | A
£ ] ‘
E 04 M y
2> 2] ! IR
3 4] |
g o] i
8] Transverse component of SN. 1
-10
0 2(‘)0 4(‘)0 660 B(I)O lOIOO 12I00 14‘00
Time (ms)
Figure 6.7 Full waveform of transverse component
6
44
3 2
@
£
£ 0
>
£ 54
S
Q
> 4
Transverse component of SN. 1
-6
0 2‘0 4‘0 GIO 8‘0 160 1;0 1:10 1(‘30 1é0 260 250 2;10 2(‘30 2‘80 300

Time (ms)

Figure 6.8 Single hole waveform of transverse component
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Figure 6.11 Full waveform of vertical component
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Figure 6.12 Single hole waveform of vertical component

Velocity (mm/sec)

Transverse component of SN. 2

T T T T T T
0 200 400 600 800 1000 1200 1400 1600
Time (ms)

Figure 6.13 Full waveform of transverse component
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Figure 6.14 Single hole waveform of transverse component
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GdE FHE o] & AAEAL ddF FY S ImsHA SR FHSIAEA Al E
QA whol s B Uut sy fAEE AEs Holv AHES g FF Y AAAA
2 AR AA 7|EE UeEs TEo 9y S SAF R T3 UotHA] AA
71 Z A2 EA sk Th

2 AT 242 Bt BolsHAl F35t7] Yot & du Al 357F 7HE 4
A SN. 2& £4 o g ZAAs o FHELALEE S JH4E(Transverse
component), A& (Longitudinal component)¥} & A& (Vertical component)

of AA| 7]F Az} 3 S oS8t 1 Z3E Table 6.20] YERAATH
T} Figure 6.18~6.20> SN. 298 S HAEHE=E B3 A3E TA]SE Folt)

Table 6.2 Detonators delay time and analysing delay interval of SN. 2

Dewonaor | gl | nervalime) | intervaiime)
MS 0 0 0 0
MS 1 20 20 21
MS 2 40 40 41
MS 11 220 220 226
MS 12 240 240 246
MS 13 260 260 252
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Figure 6.18 Superposition modeling result of longitudinal component (SN. 2)
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Figure 6.19 Superposition modeling result of vertical component (SN. 2)
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Figure 6.20 Superposition modeling result of transverse component (SN. 2)
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Figure 6.21 Superposition modeling result of longitudinal component (SN. 3)
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Figure 6.23 Superposition modeling result of transverse component (SN. 3)
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THEALE S A&st7] A 71FAIA e G v E 7 de Wb T U 7
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Table 6.4 Prospect vibration velocity of each measuring point

Velocity Measuring point #1 | Measuring point #2 | Measuring point #3
(mm/sec) 60m 150m 60m 150m 60m 150m
Longitudinal | 9q 1.56 9.91 1.64 9.29 2.11
component

Vertical 3.43 1.44 4.83 1.27 3.56 1.11
component
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Table 6.6 Measuring and Superposition result

_ Measuring result Superposition result
Velocity(mm/sec)
60m 3m 60m
Longitudinal 15 3607 991
component ’ ’
Vertical 7 301.3 4.83
component ' ’
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Figure 6.29 Superposition and Measuring waveform of longitudinal component

Velocity(mm/sec)

Figure

M ‘
-100 f‘\\\\‘u‘UH\H’\M‘
-200
-300
-400
-500 .

4004
3004
2004 N
100 \ AINn ‘WM ‘u H

n \” “‘\‘ \”n (AT REROrRCE ‘\ o
HM I m w HW‘H‘ \H \ \M\/WV’M\W

“\““‘w Mw I

I
Superposition waveform of 3m
Peak velocity 360.7mm/sec

o

H | ﬂ
Hw n

T T T T
0 100 200 300 400 500 600
Time(ms)

6.30 Superposition waveform of longitudinal component after
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Figure 6.31 Superposition and Measuring waveform of vertical component
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Figure 6.32 Superposition waveform of vertical component after correcting
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Table 7.1 Measuring and dynamic analysis result of single hole waveform

Velocity(mm/sec)

Measuring

damping rate

result (60m) | 3¢ |35%| 4% | 5% |5.5%| 6%
Longitudinal 4.7 9.26 | 8.05 | 6.97 | 5.25 | 4.59 | 4.02
component
Vertical 2.3 5.93|5.12|4.51| 3.4 |3.03]|2.67
component
Vector Sum 5.23 11 19.54|8.30|6.25|5.50 | 4.83
) Measuring damping rate

Velocity(mm/sec)

result (150m) | 3¢, |35%| 4% | 5% |5.5%| 6%
Longitudinal 0.92 1.2311.020.85|0.61|0.52|0.45
component
Vertical 0.87 1.04 | 0.79 | 0.60 | 0.37 | 0.29 | 0.24
component
Vector Sum 1.27 1.61]1.29|1.04|0.71|0.60 | 0.51

Table 7.2 Measuring and dynamic analysis result of superposition waveform

Velocity(mm/sec)

Superposition
result (60m)

damping rate

6% 6.5% 7%
Longitudinal
component 9.91 11.4 9.86 8.63
Vertical
component 4.83 6.38 5.65 5.1
Vector Sum 11.02 13.06 11.36 10.02
- Superposition damping rate
Velocity(mm/sec) result (150m) - 6 5o P
Longitudinal 1.64 1.89 1.75 1.63
component ’ ’ ' '
Vertical 1.27 0.89 0.85 0.80
component
Vector Sum 2.07 2.09 1.95 1.82
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Table 7.3 Measuring and dynamic analysis result of SN. 1 waveform

damping rate

. Measuring
Velocity(mm/sec)
result (60m) 5% 5.5% 6% 7%
Longitudinal 15 19.1 16.4 | 13.9 10.1
component
Vertical 7 8.85 7.7 6.55 4.76
component
Vector Sum 16.55 21.05 18.12 15.37 11.17

damping rate

) Measuring
Velocity(mm/sec)
result (150m) 5% 5.5% 6% 7%
Longitudinal 1.17 1.45 1.22 1.05 0.82
component
Vertical 1.13 1.41 1.16 0.95 0.68
component
Vector Sum 1.63 2.02 1.68 1.42 1.06
olge] AT}E HIFoR B AT FHFAIAM HEY 7L FHE
Hel 4 6.5% SN. 1 Bt o] 4% 5509 g&e H8sE Ao
g Aoz AgETh
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899 AE BT 0 5

Table 7.4 Properties of in—suit rock mass

Weight per Young's Poisson's | Cohesion | Friction

Unit(t/m”) | modulus(t/m®) ratio (t/m* | angle()
Weathered rock 2 20,440 0.3 3 33
Soft rock 2.34 175,700 0.22 14 32
Hard rock 2.42 583,360 0.22 26 38

Measuring point (60m)

Load point=

Measuring point (150m)

Weathered Rock and
Soil of weathered Rock

| Soft Rock Hard Rock

Figure 7.1 Dynamic analysis model of in—suite rock mass
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Figure 7.2 Numerical model for dynamic analysis
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QTN FPRDLYIY T SN, 1 B e o83 FALANN L A4
T otk WRRFoR 484D AFHFL APAA 24 D FPRDIYL A

|
gt 60melA S8E SN. 19 THELP 7 SN, 19 £
S Figure 7.3~7.4= % E’_éﬂolﬂrﬁégi &
360.7mm/sec, TAAES] A% 301.3mm/sec¢|t}. Figure 7
Xﬂ 4" SN. 1 By Jr?ﬂ BAS RAo=H HPAESl H$ 545.7mm/sec,
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Fiure 7.3 Superposition waveform of longitudinal component
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Figure 7.4 Superposition waveform of vertical component
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Figure 7.6 SN. 1 waveform of vertical component
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Table 7.5 Compare dynamic analysis result with superposition result

Velocity Superposition result Dynamic analysis result
(mm/sec) 60m 150m 60m 150m
Longitudinal
& 9.91 1.64 9.86 1.75
component
Vertical
4.83 1.27 5.65 0.85
component
o2y
LEGEND
28-Mov-07 21:08 1.500
step 24752
Dyramic Time 1.5001E+00
1.000
HSTORY PLOT
W-axis
3 ¥ welocity (173, 46) 0500
S ¥ welocity (84, 74)
Reaxis 0.000
7 Dyratnic time
-0.500
-1 000
—1.500
10 20 30 40 S0 60 70 &0
(o2

Figure 7.7 Longitudinal

component waveform of 60m and 150m on the

dynamic analysis used superposition modeling waveform

@o®3 y
LEGEND
26-Nov-07 21:08 5.000
step 24752
Dynamic Time  1.5001 E+00 4.000
HISTORY PLOT
oawis 2000
4% velocity (173, 46)
S¥ welocity [ &4, 74) 0.000
Heanis
7 Dynamic time _2000
-4.000
-6.000
-3.000
10 20 30 40 a0 B0 0 a0
(02

Figure 7.8 Vertical component waveform of 60m and 150m on the dynamic

analysis used superposition modeling waveform
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0.00E+00
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Figure 7.9 X-velocity distribution on the dynamic analysis used

superposition modeling waveform
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Figure 7.10 Y-velocity distribution on the dynamic analysis used

superposition modeling waveform
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Table 7.6 Compare dynamic analysis result with measuring result

Velocity Measuring result Dynamic analysis result
(mm/sec) 60m 150m 60m 150m
Longitudinal 15 1.17 16.4 1.22
component
Vertical 7 1.13 77 1.16
component
LEGEMND (10-02 :

25-Mow-07 23:55
step 24344 ik
Dwnamic Time  1.5001 E+00

HISTORY PLOT 2.000

W -axis

3 M welocity (173, 48)

5 ¥ velocity (84, T4 1.000

H-axis

7 Dynamic time
0.0o00
-1.000 '
-2.000

o2y

Figure 7.11 Longitudinal component waveform of 60m and 150m on the

dynamic analysis used SN. 1 waveform

I o2

LEGEND

28-Movw-07 23:56
step 24344 Teend
Cwnamic Time  1.5001E+00

HISTORY PLOT 1.800

Yeaxis

4 Y velocity (173, 46)

6% velocity [ &4, 74) 0500

Hoais

7 Dynanic time,
o.ooo
-0.500
-1.000

10 20 a0 40 50 60 70 a0

G102y

Figure 7.12 Vertical component waveform of 60m and 150m on the dynamic

analysis used SN. 1 waveform
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Dryramic Time 1 5001 E+00
-] ZTRE+0 =x= 2429E402
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H-velocty contours
0.00E+00
5 00E-05
1 00E-04
1.50E-04
2 00E-04
250E-04
300E-04
350E-04

Figure 7.13 X-component velocity distribution on the dynamic analysis used

SN. 1 waveform
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Figure 7.14 Y-component velocity distribution on the dynamic analysis used

SN. 1 waveform
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