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Figure 2.1 Harmonic oscillation
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Figure 2.2 The size of sine wave vibration





- 10 -



  sin 

   





  cos



  sin 






- 11 -













   log 



- 12 -



- 13 -

Classification Basic unit The others

Displacement cm

 
 mm  

 cm

mm  
 cm

m  cm

Velocity cm/sec

mmsec 
 sec

Kine cmsec

msec sec

Acceleration cm/sec2(gal)

gal  cmsec

g cmsec≒

msec  sec

Table 2.1 Vibration unit



- 14 -



- 15 -



- 16 -

Researcher Percentage of shock wave

Langefors 5-15%

Fogelson 9%

Kutter & Fairhurst
10-18%(granite)

2-4%(sandstone)

Konya & Walter 15%

Table 2.2 The shock wave value of total energy
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  ×
×





  ×
 ×× 

  ×   

 




 
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Figure 2.6 Elastic wave motion
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Variable Symbol Dimension*

Independent

Energy (per delay) W FL

Distance D L

Seismic velocity c   

Density of rock mass    

Time t t

Dependent

Ground displacement u L

Ground particle   

velocity

Ground acceleration  
 

Frequency f  

Table 2.3 Variable considered in a dimensional analysis of explosion

phenomena(Ambraseys and Hendron, 1968)
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  
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  exp

  exp  

  exp 

σ
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금 강
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Figure 3.1 Site map of study area
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gcm gcm 


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ms

ms

kgfcm kgfcm
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range average

Specific gravity (gcm) 2.635~2.646 2.64

Porosity () 0.571~0.939 0.778

Uniaxial compressive strength

(kgfcm)
1136~1435 1321

P Wave velocity (m/s) 4940~5510 5363

Young's modulus

(×105 kgfcm)
3.91~4.67 4.43
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Φ

Φ

No. 1~6 7~12 13~18 19~24

Explosive New MITE Mega MEX

Explosive

diameter(mm)
50Φ

Detonator MS Detonator

Diameter

(mm)
76

Drilling

Length(m)
6.0 9.0 6.0 9.0

Spacing

(m)
2.0 3.0 2.0 3.0

Burden

(m)
1.8 2.7 1.8 2.7

Charge per

hole(kg)
6.4 14 6.5 14

Charge per

delay(kg)
6.4 14 6.5 14

Number of

hole(ea)
1

Table 3.2 Experimental conditions
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(a) Blasting pattern for

holes of #1~#6

(b) Blasting pattern for

holes of #7~#12

(c) Blasting pattern for

holes of #13~#18

(d) Blasting pattern for

holes of #19~#24
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Products

Average

detonation

Velocity

(m/sec)

RWS

(%)

Bulk

Density

(g/cc)

Heat

Energy

(kcal/kg)

Gas

Volume

( /kg)

NewMite

PlusⅠ
5,700 120

1.1

~1.2
880 950

MegaMEX 6,000 160
1.2

~1.3
1,300 865

Case Priming method Drilling Length(m) Explosive Rock type

1 Top priming 6, 9 NewMITE

Gneiss

2 Middle priming 6, 9 NewMITE

3 Bottom priming 6, 9 NewMITE

4 Top priming 6, 9 MegaMEX

5 Middle priming 6, 9 MegaMEX

6 Bottom priming 6, 9 MegaMEX
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No.
Distance

(m)

PPVmax

(cm/sec)
No.

Distance

(m)

PPVmax

(cm/sec)

1 16 4.080 40 33 0.444

2 13 4.720 41 37 0.330

3 9 19.200 42 40 0.289

4 7 19.800 43 43 0.229

5 13 8.310 44 48 0.221

6 16 5.190 45 51 0.330

7 22 5.970 46 54 0.224

8 25 1.490 47 57 0.165

9 29 0.787 48 59 0.216

10 33 0.940 49 62 0.190

11 36 0.864 50 65 0.141

12 40 0.695 51 69 0.210

13 45 0.541 52 72 0.188

14 49 0.534 53 78 0.266

15 53 0.532 54 83 0.073

16 62 1.030 55 88 0.056

17 67 0.242 56 89 0.065

18 72 0.210 57 93 0.042

19 16 4.600 58 28 1.680

20 13 5.610 59 32 1.600

21 10 11.400 60 38 1.300

22 10 14.400 61 39 1.130

23 13 3.130 62 43 0.843

24 16 3.870 63 46 0.787

25 19 2.350 64 50 0.508

26 24 3.280 65 52 0.838

27 27 0.864 66 56 0.397

28 31 0.673 67 58 0.419

29 35 0.610 68 60 0.406

30 38 0.851 69 62 0.406

31 42 0.581 70 66 0.286

32 46 0.497 71 69 0.307

33 51 0.412 72 72 0.222

34 55 0.398 73 78 0.605

35 64 0.795 74 82 0.144

36 69 0.200 75 86 0.144

37 73 0.149 76 90 0.226

38 25 0.559 77 94 0.125

39 27 0.552
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No.
Distance

(m)

PPVmax

(cm/sec)
No.

Distance

(m)

PPVmax

(cm/sec)

1 16 4.910 39 29 1.510

2 14 4.930 40 32 1.560

3 13 9.320 41 38 1.370

4 14 7.650 42 42 1.100

5 17 2.080 43 45 0.870

6 20 1.880 44 48 0.864

7 23 1.280 45 53 0.662

8 28 1.690 46 55 0.775

9 31 0.554 47 59 0.400

10 35 0.660 48 62 0.419

11 38 0.432 49 63 0.318

12 41 0.571 50 66 0.495

13 44 0.449 51 73 0.298

14 48 0.324 52 76 0.244

15 53 0.266 53 82 0.571

16 57 0.239 54 86 0.142

17 64 0.578 55 90 0.124

18 69 0.144 56 93 0.246

19 73 0.100 57 97 0.137

20 16 4.530 58 31 1.130

21 15 4.910 59 35 1.400

22 16 7.200 60 41 1.210

23 16 5.930 61 45 0.902

24 19 1.570 62 47 0.813

25 22 1.330 63 52 0.571

26 25 0.775 64 57 0.464

27 30 1.320 65 59 0.724

28 33 0.638 66 63 0.332

29 37 0.698 67 66 0.394

30 40 0.318 68 68 0.203

31 42 0.381 69 70 0.292

32 46 0.370 70 77 0.188

33 50 0.302 71 80 0.210

34 54 0.193 72 86 0.517

35 58 0.220 73 91 0.127

36 65 0.578 74 94 0.095

37 70 0.154 75 97 0.193

38 74 0.112 76 101 0.106
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No.
Distance

(m)

PPVmax

(cm/sec)
No.

Distance

(m)

PPVmax

(cm/sec)

1 16 2.360 37 78 0.122

2 16 2.500 38 34 0.965

3 16 3.430 39 38 0.773

4 18 3.070 40 45 0.787

5 21 1.250 41 49 0.635

6 24 1.240 42 52 0.594

7 27 0.560 43 56 0.457

8 32 1.890 44 63 0.660

9 35 0.579 45 70 0.317

10 38 0.635 46 71 0.216

11 42 0.305 47 74 0.241

12 44 0.406 48 81 0.190

13 48 0.332 49 84 0.190

14 52 0.340 50 90 0.456

15 56 0.215 51 94 0.095

16 59 0.222 52 98 0.078

17 67 0.578 53 100 0.164

18 72 0.183 54 104 0.077

19 77 0.110 55 36 0.584

20 16 1.880 56 41 0.773

21 18 2.730 57 48 0.546

22 19 3.860 58 52 0.508

23 21 2.770 59 56 0.403

24 28 1.020 60 59 0.305

25 31 0.519 61 66 0.368

26 36 1.980 62 73 0.216

27 38 0.579 63 75 0.191

28 42 0.686 64 77 0.165

29 45 0.267 65 84 0.164

30 48 0.483 66 87 0.178

31 51 0.340 67 93 0.325

32 54 0.418 68 97 0.088

33 59 0.281 69 101 0.085

34 62 0.312 70 103 0.099

35 69 0.617 71 107 0.039

36 74 0.237
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No.
Distance

(m)

PPVmax

(cm/sec)
No.

Distance

(m)

PPVmax

(cm/sec)
1 26 0.432 41 24 1.510

2 27 0.492 42 29 1.420

3 30 0.381 43 35 1.130

4 33 0.330 44 39 0.978

5 36 0.297 45 43 0.883

6 38 0.216 46 46 0.673

7 43 0.187 47 51 0.425

8 45 0.394 48 54 1.120

9 48 0.256 49 58 0.522

10 50 0.190 50 61 0.584

11 52 0.267 51 63 0.343

12 54 0.229 52 66 0.368

13 58 0.100 53 70 0.367

14 61 0.251 54 73 0.249

15 64 0.168 55 77 0.283

16 70 0.288 56 83 0.734

17 75 0.095 57 88 0.168

18 79 0.068 58 92 0.124

19 80 0.129 59 94 0.253

20 86 0.062 60 98 0.142

21 29 0.495 61 25 1.230

22 30 0.411 62 29 0.953

23 33 0.406 63 34 0.914

24 36 0.317 64 38 0.711

25 39 0.348 65 42 0.711

26 41 0.279 66 45 0.597

27 45 0.257 67 50 0.403

28 47 0.597 68 52 0.876

29 50 0.305 69 56 0.473

30 53 0.241 70 59 0.444

31 54 0.241 71 61 0.330

32 56 0.229 72 63 0.356

33 59 0.179 73 67 0.321

34 63 0.242 74 71 0.278

35 66 0.210 75 74 0.286

36 72 0.344 76 80 0.691

37 76 0.105 77 84 0.151

38 80 0.076 78 88 0.137

39 83 0.135 79 91 0.242

40 87 0.062 80 95 0.118
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No.
Distance

(m)

PPVmax

(cm/sec)
No.

Distance

(m)

PPVmax

(cm/sec)

1 27 0.495 40 88 0.031

2 30 0.505 41 31 1.490

3 34 0.571 42 35 1.500

4 37 0.508 43 41 1.180

5 40 0.381 44 45 0.991

6 43 0.229 45 48 0.972

7 47 0.184 46 52 0.775

8 49 0.394 47 57 0.508

9 53 0.268 48 59 1.320

10 55 0.203 49 63 0.606

11 56 0.254 50 66 0.660

12 59 0.190 51 68 0.406

13 62 0.132 52 70 0.457

14 66 0.220 53 74 0.487

15 69 0.178 54 77 0.303

16 74 0.237 55 80 0.349

17 78 0.122 56 86 0.803

18 83 0.083 57 91 0.220

19 85 0.122 58 94 0.181

20 89 0.065 59 98 0.280

21 25 0.571 60 102 0.125

22 27 0.460 61 22 2.320

23 31 0.444 62 26 2.160

24 34 0.330 63 33 1.890

25 37 0.235 64 37 1.330

26 40 0.216 65 41 0.994

27 44 0.179 66 44 1.000

28 46 0.229 67 52 0.991

29 50 0.173 68 59 0.508

30 52 0.190 69 61 0.445

31 54 0.178 70 64 0.483

32 56 0.127 71 72 0.322

33 60 0.113 72 75 0.234

34 63 0.124 73 83 0.652

35 65 0.132 74 86 0.168

36 72 0.227 75 90 0.154

37 76 0.073 76 94 0.239

38 81 0.056 77 98 0.105

39 84 0.071
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No.
Distance

(m)

PPVmax

(cm/sec)
No.

Distance

(m)

PPVmax

(cm/sec)
1 24 0.597 41 34 0.914

2 25 0.481 42 39 0.914

3 28 0.444 43 46 0.711

4 31 0.356 44 50 0.508

5 34 0.303 45 54 0.500

6 37 0.279 46 57 0.432

7 41 0.243 47 62 0.321

8 43 0.343 48 65 0.838

9 46 0.181 49 69 0.429

10 49 0.241 50 71 0.432

11 50 0.165 51 73 0.254

12 53 0.140 52 76 0.292

13 56 0.095 53 79 0.310

14 60 0.142 54 83 0.249

15 65 0.129 55 86 0.256

16 69 0.298 56 92 0.488

17 74 0.068 57 96 0.159

18 79 0.088 58 100 0.151

19 81 0.101 59 102 0.147

20 85 0.039 60 106 0.078

21 23 0.876 61 36 1.450

22 26 0.735 62 41 1.160

23 30 0.648 63 48 1.130

24 33 0.622 64 52 0.749

25 36 0.464 65 56 0.797

26 39 0.343 66 60 0.673

27 44 0.365 67 65 0.486

28 46 0.521 68 68 1.080

29 50 0.229 69 71 0.659

30 53 0.330 70 74 0.660

31 54 0.254 71 76 0.381

32 57 0.165 72 79 0.444

33 61 0.138 73 82 0.491

34 64 0.195 74 86 0.344

35 68 0.161 75 89 0.356

36 74 0.383 76 95 0.688

37 79 0.098 77 99 0.173

38 82 0.076 78 103 0.203

39 85 0.120 79 105 0.266

40 89 0.049 80 109 0.113
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
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 
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   
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  

   

  
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  
 

 

  
 

 

  

   
 

 

   
 

 

  

   

  

   

  
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  
 

 

  
 

 

  

   
 

 

   
 

 

  

   

  

   

  



- 56 -



- 57 -

  
 

 

  
 

 

  

   
 

 

   
 

 

  

   

  

   

  



- 58 -



- 59 -

  
 

 

  
 

 

  

   
 

 

   
 

 

  

   

  

   

  



- 60 -



- 61 -

  
 

 

  
 

 

  

   
 

 

   
 

 

  

   

  

   

  



- 62 -



- 63 -



- 64 -



- 65 -

Explosive

type

Square root method Cube root method

N Remarks

Prediction equation R Prediction equation R

NewMITE

50%   
 

 

0.89

50%    
 

 

0.91 224
Case

1~3

95%   
 

 

95%    
 

 

MegaMEX

50%   
 

 

0.82

50%    
 

 

0.76 237
Case

4~6

95%   
 

 

95%    
 

 



- 66 -



- 67 -

Weight per

delay

Distance

0.5kg 1.6kg

PPVnew

(cm/sec)

PPVmega

(cm/sec)

PPVnew

(cm/sec)

PPVmega

(cm/sec)

1 72.99 27.93 248.99 77.73

2 16.91 8.25 57.68 22.95

3 7.19 4.04 24.52 11.24

4 3.92 2.43 13.36 6.78

5 2.45 1.64 8.34 4.58

10 0.57 0.49 1.93 1.35

15 0.24 0.24 0.82 0.66

20 0.13 0.14 0.45 0.40

25 0.08 0.10 0.28 0.27

30 0.06 0.07 0.19 0.20

35 0.04 0.05 0.14 0.15

40 0.03 0.04 0.10 0.12

45 0.02 0.03 0.08 0.10

50 0.02 0.03 0.06 0.08

55 0.02 0.02 0.05 0.07

60 0.01 0.02 0.04 0.06

65 0.01 0.02 0.04 0.05

70 0.01 0.02 0.03 0.04

75 0.01 0.01 0.03 0.04

80 0.01 0.01 0.02 0.03

85 0.01 0.01 0.02 0.03

90 0.01 0.01 0.02 0.03

95 0.00 0.01 0.02 0.03

100 0.00 0.01 0.02 0.02



- 68 -

Weight per

delay

Distance

5.0kg 15kg

PPVnew

(cm/sec)

PPVmega

(cm/sec)

PPVnew

(cm/sec)

PPVmega

(cm/sec)

1 828.43 211.86 2640.09 557.09

2 191.90 62.55 611.57 164.48

3 81.57 30.64 259.95 80.57

4 44.45 18.47 141.67 48.56

5 27.76 12.47 88.47 32.79

10 6.43 3.68 20.49 9.68

15 2.73 1.80 8.71 4.74

20 1.49 1.09 4.75 2.86

25 0.93 0.73 2.96 1.93

30 0.63 0.53 2.02 1.40

35 0.46 0.41 1.46 1.07

40 0.35 0.32 1.10 0.84

45 0.27 0.26 0.86 0.69

50 0.22 0.22 0.69 0.57

55 0.18 0.18 0.56 0.48

60 0.15 0.16 0.47 0.41

65 0.12 0.14 0.39 0.36

70 0.11 0.12 0.34 0.32

75 0.09 0.11 0.29 0.28

80 0.08 0.09 0.25 0.25

85 0.07 0.09 0.22 0.22

90 0.06 0.08 0.20 0.20

95 0.06 0.07 0.18 0.18

100 0.05 0.06 0.16 0.17



- 69 -



- 70 -



- 71 -



- 72 -



- 73 -

Priming

location

Square root method Cube root method
N Remarks

Prediction equation R Prediction equation R

Top

priming

50%   
 

 

0.86

50%    
 

 

0.88 157
Case

1, 4
95%   

 
 

95%    
 

 

Middle

priming

50%   
 

 

0.92

50%    
 

 

0.89 153
Case

2, 5
95%   

 
 

95%    
 

 

Bottom

priming

50%   
 

 

0.84

50%    
 

 

0.83 151
Case

3, 6
95%   

 
 

95%    
 

 



- 74 -



- 75 -

Weight per

delay

Distance

0.5kg 1.6kg

PPVt.p
(cm/sec)

PPVm.p
(cm/sec)

PPVb.p
(cm/sec)

PPVt.p
(cm/sec)

PPVm.p
(cm/sec)

PPVb.p
(cm/sec)

1 48.58 83.66 42.26 153.64 293.82 126.85

2 12.31 18.72 11.40 38.95 65.74 34.23

3 5.52 7.80 5.30 17.45 27.38 15.91

4 3.12 4.19 3.08 9.87 14.71 9.23

5 2.01 2.59 2.02 6.35 9.08 6.06

10 0.51 0.58 0.54 1.61 2.03 1.63

15 0.23 0.24 0.25 0.72 0.85 0.76

20 0.13 0.13 0.15 0.41 0.45 0.44

25 0.08 0.08 0.10 0.26 0.28 0.29

30 0.06 0.05 0.07 0.18 0.19 0.20

35 0.04 0.04 0.05 0.13 0.14 0.15

40 0.03 0.03 0.04 0.10 0.10 0.12

45 0.03 0.02 0.03 0.08 0.08 0.10

50 0.02 0.02 0.03 0.07 0.06 0.08

55 0.02 0.01 0.02 0.06 0.05 0.07

60 0.01 0.01 0.02 0.05 0.04 0.06

65 0.01 0.01 0.02 0.04 0.04 0.05

70 0.01 0.01 0.01 0.03 0.03 0.04

75 0.01 0.01 0.01 0.03 0.03 0.04

80 0.01 0.01 0.01 0.03 0.02 0.03

85 0.01 0.01 0.01 0.02 0.02 0.03

90 0.01 0.01 0.01 0.02 0.02 0.03

95 0.01 0.00 0.01 0.02 0.02 0.02

100 0.01 0.00 0.01 0.02 0.01 0.02



- 76 -

Weight per

delay

Distance

5.0kg 15kg

PPVt.p
(cm/sec)

PPVm.p
(cm/sec)

PPVb.p
(cm/sec)

PPVt.p
(cm/sec)

PPVm.p
(cm/sec)

PPVb.p
(cm/sec)

1 474.70 1005.81 372.34 1408.53 3294.64 1051.52

2 120.33 225.06 100.46 357.05 737.20 283.71

3 53.92 93.74 46.69 159.98 307.06 131.84

4 30.50 50.36 27.10 90.51 164.95 76.55

5 19.61 31.10 17.78 58.18 101.87 50.21

10 4.97 6.96 4.80 14.75 22.79 13.55

15 2.23 2.90 2.23 6.61 9.49 6.30

20 1.26 1.56 1.29 3.74 5.10 3.65

25 0.81 0.96 0.85 2.40 3.15 2.40

30 0.56 0.65 0.60 1.68 2.12 1.70

35 0.42 0.46 0.45 1.23 1.52 1.27

40 0.32 0.35 0.35 0.95 1.14 0.99

45 0.25 0.27 0.28 0.75 0.88 0.79

50 0.21 0.22 0.23 0.61 0.70 0.65

55 0.17 0.18 0.19 0.50 0.57 0.54

60 0.14 0.15 0.16 0.42 0.48 0.46

65 0.12 0.12 0.14 0.36 0.40 0.39

70 0.11 0.10 0.12 0.31 0.34 0.34

75 0.09 0.09 0.11 0.27 0.29 0.30

80 0.08 0.08 0.09 0.24 0.26 0.27

85 0.07 0.07 0.08 0.21 0.22 0.24

90 0.06 0.06 0.08 0.19 0.20 0.21

95 0.06 0.05 0.07 0.17 0.18 0.19

100 0.05 0.05 0.06 0.15 0.16 0.17



- 77 -



- 78 -



- 79 -

  
 

 

  
 

 

  

   
 

 

   
 

 

  

  
 

 

  
 

 

  



- 80 -

   
 

 

   
 

 

  



- 81 -

  
 

 

  
 

 

  

   
 

 

   
 

 

  

  
 

 

  
 

 

  

   
 

 

   
 

 

  

  
 

 

  
 

 

  



- 82 -

   
 

 

   
 

 

  
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