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Abstract 

 

The objective of this research was the comparative study between conventional blasting 

and air-deck blasting technique.  Air deck was created using an air-compressed rubber ball 

locking in the drill hole.  The results showed that blasting vibration could be reduced by 10-65% 

when using air-deck blasting technique.  A number of large boulder size could be reduced from 

41% to 23-40%.  Explosive cost was also reduced. 

 

 

 

 

 

 

 

                      

              



 (6)

 
 

                   
           (3) 

          (5) 
            (6) 

           (8) 
          (9) 

 

1  

         1.1       1 

        1.2        2 

   1.3            2 

 1.4           3 

 1.5           3 

2  

         2.1           7 
        2.2            8 

        2.3 10 

 2.4 12 

  2.4.1 12 

  2.4.2 13 

2.4.3  

                 13 

2.4.4 14 

2.4.5     14 

2.4.6 15 

3  

         3.1 .  

                      16 



 (7)

 ( ) 
 

         3.2 .  

 16 

3.3 17 

3.4  

      20 

       3.4.1 21 

       3.4.2 22 

 3.5 26 

 3.6      28 

 3.7 31 

4 

 4.1 33 

        4.1.1 33 

        4.1.2 33 

  4.1.2.1 33 

  4.1.2.2 33 

        4.1.3       34 

        4.1.4 34 

        4.1.5 34 

         4.1.6            34 

 4.2 35 

36 

37 

110 
 

 

 



 (8)

 
 

 
  3.1      16 

3.2    17 

  3.3   17 

3.4        18 

3.5   19 

3.6   19 

3.7   22 

3.8   

 23 

  3.9   Sharpness Index       25 

  3.10   26 

  3.11   27 

  3.12   27 

  3.13   28 

  3.14   29 

  3.15   29 

  3.16                  / Bench  

                          6-10              30 

  3.17   

 30 

  3.18   

        32 

 

 

 

 

 



 (9)

 
 

 
1.1  Dumbel-shaped wooden     5  
1.2    6 

2.1    9 

2.2       11 

2.3   

Split Desktop 2.0 Demo       12 

2.4    13 

2.5  ( )  

( ) TNT     14 
2.6  ( ) 2.00  

( ) AN-FO      15   

3.1       18 

3.2   ( )  

                           ( )  

                                Split Desktop 2.0         21 

3.3   24      23 

3.4                     ( )  

                      

                    ( )  

                     

                     P20, P50, P80           24 

3.5        25 

3.6   L: H  

                              30 

3.7    (L: H)  

         31 

 



 (10)

( ) 
 

 
 

3.8  /  

 

 Bench  12.6         32 

 



1 
 

1 
 

 

1.1  

 

 

 

 

 

(Air  deck blasting) 

   

(4  8 ) 
15 

. 3  3.5 
6 - 10  



2 
 

 
 

 

3  3.5 
.   

 

 

 

 
 

1.2  

 

  (Air-deck 

Blasting) 

 
 

1.3  
 

1.3.1 

(Toe) 

 



3 
 

 
 

1.3.2 
 

 

1.4  

 

(Toe)  
 

 
 

 

1.5  
 

David  Botha 1994 

Jhanwar 1999 2000  

manganese 
6 1999 11 2000 

4 (105 .) 

Jhanwar Jethwa 

2000 

6 10 8-6 10 



4 
 

 
 

0.10-0.35 

80%  

Jhanwar and Reddy (1998)  

 manganese 

 50-60%   AN-FO 

31.6% 

 60-70% 60-70%  

44%  manganese 

 

Jhanwar and Reddy (1999) ( Air-Deck 

Blasting)  manganese 

  (Mean 

Fragmentation Size)   0.27-0.51 m. 
 0.36-1.0 m.  (Fragmentation Index)  1.38  4.34 

 37-65%  66-100%  

  
 Spacing  Burden 

 

Chiappetta (2004)  Power-Deck Blasting International 

Technology,LLC Sub drill 

 
Blasting Analysis 

International,Inc(BAI) 



5 
 

 
 

 Sub drill 
35% 10-25% 

25% 

 Pensylvania,USA 

Sang-Wook Kim 2005  (Air-

tubes) Sung-Shin 

Cement Co., 102 

. 15  (Air-tubes) 3-6 
 76    

  

SEKO Drill Europe 2007 
Power Point Melatomine Fritziar 

 92 . 7-15 

 

 

 

 

 

 

 

 

 

 

 

1.1 Dumbel-shaped wooden 
( :http://www.springerlink.com/content/j89176107k8t0xkm/fulltext.pdf) 

 

 



6 
 

 
 

 

 

 

 

 

 

 

1.2  

( : http://www.isee.org/journal/powerdeck.pdf) 

 
 
 
 
 
 

     

(a)                                              (b)                                            (c) 



 
 

7 
 

2 
 

 

2.1   
 

 

1  (Baseline)   

  .  

  . %  

  .  

  .  

  . (Toe)  

  .  

2  
1  

3 

            

 

 

 

 

 

 

 

 

 

 



8 
 

 
 

2.2  
 

1.)  

.  

. Ammonium nitrate  Fuel oil (AN-FO) 

.  

.  

.  

2.)  

3.)  

4.)  

5.)  Seismograph Blast Mate Series III  Instantel  

 

 

 

 

 

 

 

 

 

 

 

 



9 
 

 
 

 

( ) 

 

Ammonium nitrate  Fuel oil (AN-FO) 

 

 

 

 

 

 

 

4  

 

 

 

 

 



10 
 

 
 

 

 

 

 

 

 

 

 

 

2.1  

 

2.3   
 

 2.2 

 

 



11 
 

 
 

 
 

 
 

2.2  

 

 

 



12 
 

 
 

2.4   
 

2.4.1  
Split Desktop 2.0 Demo 

2  

 

 

 

2.3 Split Desktop 2.0 Demo 

 

 



13 
 

 
 

2.4.2  
70 (

) Instangel  Minimate Plus  

 

 

 

 

 

 
 

 
 

2.4  

 

2.4.3  
1. 

2.2 ( )  
2.2 (  )  

 2.2 ( ) 
2.2 ( ) 

2.  

 70 m. 



14 
 

 
 

3. scale 
Split  Desktop Demo 2.0 

 

2.4.4  
1.  

2. 
( ) 

3. ( )  

4.  

5. 2 3  

6.  

 

              
( )                                                                       ( ) 

 

2.5 ( ) , ( )  
 

2.4.5  
2.4.4 

1.  

2. 
( ) 

3. 2 50  2.6 



15 
 

 
 

4. ( ) 2 
50  

5. ( ) 
2.10 2 4 

( )  
6. 

AUTO-CAD 2008 

 

               
 

( )                                                                               ( ) 
 

2.6 ( ) 2.00 , ( )  
    

2.4.6  
 

- ;  
- ;  
- ;  
- ;  
- ;  
- 4 ;  



16 
 

3 
 

 
3.1.   
 
 3.1(

2.1( ) 2) 
 

3.1  
 

 

 

 stemming burden spacing Sub drill 
 

AN-FO Power gel 
volume/round     

(m) (m) (m) (m) (m) (kg) (kg) (kg) (kg) (m3) 
1 11.00 3.40 3.40 3.40 1.00 16 43.00 688.00 3.44 55.04 2,034.56 
2 12.70 3.70 3.70 3.70 1.10 16 52.00 832.00 4.16 66.56 2,781.81 
3 11.64 3.50 3.50 3.50 1.05 16 46.45 743.20 3.72 59.46 2,281.44 
4 14.10 3.80 3.80 3.80 1.14 16 59.20 947.20 4.74 75.78 3,257.66 

 
3.2.   
 

3.2.1 3.2 
1, 3 5 Sub Drill (

2.1 ( ) 2) 2 4 
Sub Drill ( 2.1 ( ) 2) 

6-10 Sub Drill 
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3.2.2 3.3 
1 Sub Drill (
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 2.2 ( )  2) 2 3
Sub Drill ( 2.1 ( ) 2) 

3.2  
 

 

 

 

air-deck 

stemming burden spacing 
Sub 
drill  

AN-FO Power gel 
volume/ 
round 

Air-deck 
Length      

(m) (m) (m) (m) (m) (m) (kg) (kg) (kg) (kg) (m3) 
1 9.60 2.00 20.83 1.50 3.20 3.20 0.90 16 35.0 560 2.80 44.80 1,572.86 
2 8.00 1.95 24.38 1.45 2.90 2.90 0.00 16 23.0 368 1.84 29.44 1,076.48 
3 7.10 2.35 33.10 1.35 2.70 2.70 0.80 16 21.0 336 1.68 26.88 828.14 
4 12.80 2.75 21.48 1.75 3.70 3.70 0.00 16 41.5 664 3.32 53.12 2,803.71 
5 7.40 2.35 31.76 1.35 2.80 2.80 0.84 16 22.7 363 1.82 29.06 928.26 
6 12.60 3.25 25.80 1.75 3.60 3.60 0.00 16 38.0 608 3.40 48.64 2,612.74 
7 12.60 3.75 29.76 1.75 3.60 3.60 0.00 16 35.5 568 2.84 45.44 2,612.74 
8 12.60 4.25 33.73 1.75 3.60 3.60 0.00 16 33.0 528 2.64 42.24 2,612.74 
9 12.60 4.75 37.70 1.75 3.60 3.60 0.00 16 30.5 488 2.44 39.04 2,612.74 
10 12.60 5.25 41.67 1.75 3.60 3.60 0.00 16 28.0 448 2.24 35.84 2,612.74 
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air-deck 
stemming burden spacing Sub 

drill 
 

AN-FO Power gel 
volume/ 
round 

Air-deck 
Length      

(m) (m) (m) (m) (m) (m) (kg) (kg) (kg) (kg) (m3) 
1 11.60 1.05 9.05 3.50 3.50 3.50 1.05 16 40.50 648.00 3.24 51.84 2,273.60 
2 17.00 1.00 5.88 4.20 4.20 4.20 0.00 16 59.00 944.00 4.72 75.52 4,798.08 
3 16.24 1.50 9.24 4.10 4.10 4.10 0.00 16 53.20 851.20 4.25 68.10 4,367.91 
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156.7 mm./sec. Explosive factor 0.34 kg./m3 
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3.4  

 
 

 
Explosive factor 

 
 

(kg/m3) (mm/sce) 
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 0.34 0.00 156.68 
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3.5  
 

 
explosive factor 

 
 

(kg/m3) (mm/s) 
1 0.385 20.83 141.300 
2 0.369 24.38 84.300 
3 0.438 33.10 66.600 
4 0.256 21.48 124.800 
5 0.423 31.76 73.200 
6 0.251 25.80 88.500 
7 0.235 29.76 76.200 
8 0.218 33.73 65.700 
9 0.202 37.70 59.200 
10 0.185 41.67 55.000 

 
3.6  

 

 
Explosive factor 

 
 

(kg/m3) (mm /sec) 
1 0.308 9.24 68.60 
2 0.212 5.88 39.40 
3 0.210 9.05 48.30 
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23.00-39.60 9 10 
24 59.00 54.00  

3.3 24 
24  

 
3.4.2  

3.9 3.5 
Sharpness Index 0.24  

Sharpness Index  
 

3.7  
 

 

  
Explosive 

factor  
 

P20 
 

P50 
 

P80 24"   

(%) kg./m3 m3 (inch) (inch) (inch) (%) (inch) 
1 0.00 0.37 2034.56 11.30 18.80 33.80 35.00 56.10 1-1 1-4 
2 0.00 0.32 2781.81 12.00 20.00 34.20 39.00 48.34 1-5 1-7  
3 0.00 0.35 2281.44 8.70 17.30 33.10 34.00 41.25 1-8 1-10 
4 0.00 0.31 3257.66 8.00 26.20 67.50 56.00 71.56 1-11 1-13  

 0.34 2588.87 10.00 20.58 42.15 41.00 54.32 
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3.8  
 

 

  
Explosive 

factor  P20 P50 P80 24"   

(%) kg./m3 m3 (inch) (inch) (inch) (%) (inch) 
1 20.83 0.38 1572.86 3.30 6.90 12.30 0.70 17.34  1-14 1-18 
2 24.38 0.37 1076.48 6.00 9.60 14.50 2.80 25.54 1-19 1-22 
3 33.10 0.44 828.14 7.10 12.00 19.00 9.30 36.31  1-23 1-25 
4 21.48 0.26 2803.71 12.80 21.10 36.40 36.50 52.90  1-26 1-29 
5 31.76 0.42 928.26 23.20 36.20 56.60 78.30 85.22 1-30 1-32 

6 25.79 0.25 2612.74 8.30 14.10 26.50 23.00 47.07  1-33 1-35  
7 29.76 0.23 2612.74 10.70 19.50 39.10 40.00 52.63  1-36 1-39 
8 33.73 0.22 2612.74 12.10 20.00 37.60 39.60 55.71  1-40 1-43 
9 37.70 0.20 2612.74 16.20 29.10 51.40 59.00 76.13 1-44 1-47 

10 41.67 0.19 2612.74 14.50 26.10 42.50 54.00 67.13 1-48 1-50 
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3.9   Sharpness Index 
 

  Sharpness Index  
 0 0.24 

1 20.83 0.27 
2 24.38 0.41 
3 33.10 0.37 
4 21.48 0.35 
5 31.76 0.41 
6 25.79 0.31 
7 29.76 0.27 
8 33.73 0.32 
9 37.70 0.32 
10 41.67 0.34 
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3.5  
 

°0.32 

1 
 Sub drill 3.10 3.11  

 
3.10  

 

  
(%) 

 
(m.) 

 
(m.) 

1 0.00 -0.87 0.32  
2 0.00 0.31 0.22  
3 0.00 -0.74 0.22  
4 0.00 0.68 0.53  

 0.00 -0.16 0.32  
 

 
 
 
 
 
 
 
 
 
 



27 
 

 
 

3.11  
 

  
(%) 

 
(m.) 

 
(m.) 

 

1 20.83 -0.16 0.05 
2 24.38 -0.21 0.11 
3 33.10 -0.44 -0.33 
4 21.48 0.00 -0.10   
5 31.76 -0.20 -0.13 
6 25.79 0.55 0.15   
7 29.76 -0.87 0.21   
8 33.73 -0.15 -0.07   
9 37.70 0.21 -0.05   
10 41.67 -0.07 0.09   

 
Sub drill 

 
3.12 

 
3.12  

 

  
(%) 

 
(m.) 

 
(m.) 

1 9.05 0.88 -0.50  
2 5.88 0.53 0.13  
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3 9.24 0.13 -0.07  
3.6  
 
   Profile  
Auto-CAD R 2008 ( 2) 3.13-3.15 3.16-
3.17 

3.16 3.17 / Bench (L: H) 

 
3.6 3.7 

 
3.13  

 

 

 

 
centroid     

        
(m) (m) (m) (m) (m) (m) (m) (m) 

1 6.80 8.780 3.410 0.000 7.320 4.800 9.446 21.400 2-1 
2 7.40 11.520 3.430 0.000 7.610 2.290 9.860 23.700 2-2 
3 7.00 8.790 2.620 0.000 6.670 3.000 7.673 23.500 2-3 
4 7.60 12.910 3.970 0.000 7.330 6.920 11.060 33.800 2-4 
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3.14  

 

 

 

 
centroid     

        
(m) (m) (m) (m) (m) (m) (m) (m) 

1 6.40 12.587 1.996 0.000 6.570 2.400 7.860 29.200 2-5 
2 5.80 11.120 1.550 0.000 5.950 3.260 6.610 20.900 2-6 
3 5.40 7.150 1.970 0.000 4.660 1.690 5.470 16.700 2-7 
4 7.40 13.188 3.930 0.000 7.040 3.400 10.800 35.700 2-8 
5 5.40 6.155 2.159 1.600 4.210 4.890 6.190 14.800 2-9 
6 7.40 9.206 3.235 0.000 7.890 1.900 8.640 21.600 2-10 
7 7.40 14.899 2.129 1.400 6.440 5.950 7.670 35.500 2-11 
8 7.40 11.497 3.081 0.000 7.960 3.400 9.220 29.700 2-12 
9 7.40 11.508 3.766 0.000 9.533 2.200 10.630 27.700 2-13 

10 7.40 10.731 3.635 9.400 6.600 7.400 9.117 27.500 2-14 

 
3.15  

 

 

 

 
centroid     

        
(m) (m) (m) (m) (m) (m) (m) (m) 

1 7.00 14.620 2.770 0.000 9.198 3.000 9.198 29.500 2-15 
2 8.40 4.703 4.660 0.000 8.850 7.090 13.620 40.200 2-16 
3 8.20 3.342 2.420 0.000 6.500 7.640 9.220 30.100 2-17 
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3.16 / Bench 
6-10 

 
 

%  Bench  
L:H 

(%) (m.) (m.) 
 0 12.36 25.60 2.07 

6 25.794 12.6 21.600 1.71 
7 29.762 12.6 35.500 2.82 
8 33.730 12.6 29.700 2.36 
9 37.698 12.6 27.700 2.20 

10 41.667 12.6 27.500 2.18 

 Bench 
 L= , H= Bench 

  
3.17 / Bench 

 
 

%  Bench  
L:H 

(%) (m.) (m.) 
 0 12.36 25.60 2.07 

1 9.052 11.60 29.50 2.54 
2 5.88 17.00 40.20 2.36 
3 9.236 16.24 30.10 1.85 
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3.8 /
 Bench  12.6  

 
3.18 

 
 

 
 

 

  

     

(m3) (Baht) (Baht) (Bath/m3) (Baht/m3) 
1 9.05 2273.60 20166.04 18371.05 3.32 3.03 
2 5.88 4798.08 30979.34 26753.35 2.42 2.09 
3 9.24 4367.91 29355.85 24015.68 2.52 2.06 
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 1-1  

                            Split Desktop  

1 1 ( Bench 11.00 , Stemming 3.40 , Burden 3.40 , Spacing 3.40 , Sub Drill 1.00 ) 
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 1-2   
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1 2 ( Bench 11.00 , Stemming 3.40 , Burden 3.40 , Spacing 3.40 , Sub Drill 1.00 ) 
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1 3 ( Bench 11.00 , Stemming 3.40 , Burden 3.40 , Spacing 3.40 , Sub Drill 1.00 ) 
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 1-4 1-1 1-3  

1 ( Bench 11.00 , Stemming 3.40 , Burden 3.40 , Spacing 3.40 , Sub Drill 1.00 ) 
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 1-5  

                            Split Desktop  

2 1 ( Bench 12.70 , Stemming 3.70 , Burden 3.70 , Spacing 3.70 , Sub Drill 1.10 ) 
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 1-6  

                            Split Desktop  

2 2 ( Bench 12.70 , Stemming 3.70 , Burden 3.70 , Spacing 3.70 , Sub Drill 1.10 ) 
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 1-7 1-5 1-6  

2 ( Bench 12.70 , Stemming 3.70 , Burden 3.70 , Spacing 3.70 , Sub Drill 1.10 ) 
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 1-8  

                            Split Desktop  

3 1 ( Bench 11.46 , Stemming 3.50 , Burden 3.50 , Spacing 3.50 , Sub Drill 1.05 ) 
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 1-9  

                            Split Desktop  

3 2 ( Bench 11.46 , Stemming 3.50 , Burden 3.50 , Spacing 3.50 , Sub Drill 1.05 ) 
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 1-10 1-8 1-9  

3 ( Bench 11.46 , Stemming 3.50 , Burden 3.50 , Spacing 3.50 , Sub Drill 1.05 ) 
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 1-11  

                             Split Desktop  

4 1 ( Bench 14.10 , Stemming 3.80 , Burden 3.80 , Spacing 3.80 , Sub Drill 1.14 ) 
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 1-12  

                              Split Desktop  

4 2 ( Bench 14.10 , Stemming 3.80 , Burden 3.80 , Spacing 3.80 , Sub Drill 1.14 ) 
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 1-13 1-11 1-12  

4 ( Bench 14.10 , Stemming 3.80 , Burden 3.80 , Spacing 3.80 , Sub Drill 1.14 ) 
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 1-14  

                     Split Desktop 

1 1 ( Bench 9.60 , Stemming 1.50 , Burden 3.20 , Spacing 3.20 , Sub Drill 0.90  

                        20.83%) 
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 1-15  

                     Split Desktop 

1 2 ( Bench 9.60 , Stemming 1.50 , Burden 3.20 , Spacing 3.20 , Sub Drill 0.90  

                        20.83%) 
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 1-16  

                     Split Desktop 

1 3 ( Bench 9.60 , Stemming 1.50 , Burden 3.20 , Spacing 3.20 , Sub Drill 0.90  

                       20.83%) 
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 1-17  

                     Split Desktop 

1 4 ( Bench 9.60 , Stemming 1.50 , Burden 3.20 , Spacing 3.20 , Sub Drill 0.90  

                        20.83%) 
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 1-18 1-14 1-17  

                       

1 ( Bench 9.60 , Stemming 1.50 , Burden 3.20 , Spacing 3.20 , Sub Drill 0.90  

                              20.83%) 
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 1-19  

                     Split Desktop 

2 1 ( Bench 8.00 , Stemming 1.45 , Burden 2.90 , Spacing 2.90 , Sub Drill 0.00   

                       24.38%) 
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 1-20  

                     Split Desktop 

2 2 ( Bench 8.00 , Stemming 1.45 , Burden 2.90 , Spacing 2.90 , Sub Drill 0.00   

                       24.38%) 
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 1-21  

                     Split Desktop 

2 3 ( Bench 8.00 , Stemming 1.45 , Burden 2.90 , Spacing 2.90 , Sub Drill 0.00  

                       24.38%) 
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 1-22 1-19 1-21  

                       

2 ( Bench 8.00 , Stemming 1.45 , Burden 2.90 , Spacing 2.90 , Sub Drill 0.00  

                              24.38%) 
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 1-23  

                     Split Desktop 

3 1 ( Bench 7.10 , Stemming 1.35 , Burden 2.70 , Spacing 2.70 , Sub Drill 0.80  

                       33.10%) 



62 
 

 
 

 

 

 1-24  

                     Split Desktop 

3 2( Bench 7.10 , Stemming 1.35 , Burden 2.70 , Spacing 2.70 , Sub Drill 0.80   

                       33.10%) 
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 1-25 1-23 1-24  

                       

3 ( Bench 7.10 , Stemming 1.35 , Burden 2.70 , Spacing 2.70 , Sub Drill 0.80  

                             33.10%) 
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 1-26  

                     Split Desktop 

4 1 ( Bench 12.80 , Stemming 1.75 , Burden 3.70 , Spacing 3.70 , Sub Drill 0.00  

                     21.48%) 
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 1-27  

                     Split Desktop 

4 2 ( Bench 12.80 , Stemming 1.75 , Burden 3.70 , Spacing 3.70 , Sub Drill 0.00  

                      21.48%) 
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 1-28  

                     Split Desktop 

4 3 ( Bench 12.80 , Stemming 1.75 , Burden 3.70 , Spacing 3.70 , Sub Drill 0.00  

                      21.48%) 
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 1-29 1-26 1-28  

                        

4 ( Bench 12.80 , Stemming 1.75 , Burden 3.70 , Spacing 3.70 , Sub Drill 0.00  

                            21.48%) 
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 1-30  

                     Split Desktop 

5 1 ( Bench 7.40 , Stemming 1.35 , Burden 2.80 , Spacing 2.80 , Sub Drill 0.84  

                        31.76%) 
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 1-31  

                     Split Desktop 

5 2 ( Bench 7.40 , Stemming 1.35 , Burden 2.80 , Spacing 2.80 , Sub Drill 0.84  

                       31.76%) 

 



70 
 

 
 

 

 

 1-32 1-26 1-28  

                       

5 ( Bench 7.40 , Stemming 1.35 , Burden 2.80 , Spacing 2.80 , Sub Drill 0.84  

                             31.76%) 
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 1-33  

                     Split Desktop 

6 1 ( Bench 12.60 , Stemming 1.75 , Burden 3.60 , Spacing 3.60 , Sub Drill 0.00   

               25.80%) 
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 1-34  

                     Split Desktop 

6 2 ( Bench 12.60 , Stemming 1.75 , Burden 3.60 , Spacing 3.60 , Sub Drill 0.00  

                      25.80%) 
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 1-35 1-32 1-34  

                       

6 ( Bench 12.60 , Stemming 1.75 , Burden 3.60 , Spacing 3.60 , Sub Drill 0.00  

                            25.80%) 
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 1-36  

                     Split Desktop 

7 1 ( Bench 12.60 , Stemming 1.75 , Burden 3.60 , Spacing 3.60 , Sub Drill 0.00  

                       29.76%) 
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 1-37  

                     Split Desktop 

7 2 ( Bench 12.60 , Stemming 1.75 , Burden 3.60 , Spacing 3.60 , Sub Drill 0.00  

                      29.76%) 
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 1-38  

                     Split Desktop 

7 3 ( Bench 12.60 , Stemming 1.75 , Burden 3.60 , Spacing 3.60 , Sub Drill 0.00  

                      29.76%) 
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 1-39 1-36 1-38  

                        

7 ( Bench 12.60 , Stemming 1.75 , Burden 3.60 , Spacing 3.60 , Sub Drill 0.00  

                             29.76%) 
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 1-40  

                     Split Desktop 

8 1 ( Bench 12.60 , Stemming 1.75 , Burden 3.60 , Spacing 3.60 , Sub Drill 0.00  

                      33.73%) 
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 1-41  

                     Split Desktop 

8 2 ( Bench 12.60 , Stemming 1.75 , Burden 3.60 , Spacing 3.60 , Sub Drill 0.00  

                      33.73%) 
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 1-42  

                     Split Desktop 

8 2 ( Bench 12.60 , Stemming 1.75 , Burden 3.60 , Spacing 3.60 , Sub Drill 0.00  

                      33.73%) 
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 1-43 1-40 1-42  

                       

8 ( Bench 12.60 , Stemming 1.75 , Burden 3.60 , Spacing 3.60 , Sub Drill 0.00  

                            33.73%) 
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 1-44  

                     Split Desktop 

9 1 ( Bench 12.60 , Stemming 1.75 , Burden 3.60 , Spacing 3.60 , Sub Drill 0.00  

                      37.70%) 



83 
 

 
 

 

 

 1-45  

                     Split Desktop 

9 2 ( Bench 12.60 , Stemming 1.75 , Burden 3.60 , Spacing 3.60 , Sub Drill 0.00  

                      37.70%) 
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 1-46  

                     Split Desktop 

9 3 ( Bench 12.60 , Stemming 1.75 , Burden 3.60 , Spacing 3.60 , Sub Drill 0.00  

                        37.70%) 
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 1-47 1-44 1-46  

                        

9 ( Bench 12.60 , Stemming 1.75 , Burden 3.60 , Spacing 3.60 , Sub Drill 0.00  

                            37.70%) 
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 1-48  

                     Split Desktop 

10 1 ( Bench 12.60 , Stemming 1.75 , Burden 3.60 , Spacing 3.60 , Sub Drill 0.00   

                       41.67%) 
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 1-49  

                     Split Desktop 

10 2 ( Bench 12.60 , Stemming 1.75 , Burden 3.60 , Spacing 3.60 , Sub Drill 0.00  

                       41.67%) 
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 1-50 1-48 1-50  

                       

10 ( Bench 12.60 , Stemming 1.75 , Burden 3.60 , Spacing 3.60 , Sub Drill 0.00  

                            41.67%) 
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 2-2 2 

 



91 
 

 
 

 

 2-3 3 
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                     3 
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 2-9  

                       5 
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 2-11  
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 2-12  
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                                  9 

 

 

 2-14  

                       10 
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 2-16  

                       2 



98 
 

 
 

 

 2-17  

                       3 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



99 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

3 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



100 
 

 
 

1 

25.79%  

 25.79% Sub drill 

   /  
  

      

6                  

  1.1.1. (TNT)  120.00 48.64 5,836.80   0.00 5,836.80   

  1.1.2.  Kg 15.20 608.00 9,241.60   0.00 9,241.60   

  1.1.3.    24.80 38.79 962.00   0.00 962.00   

  1.1.4.          

  1.1.4.1. 1  30.00 2.00 60.00   0.00 60.00   

  1.1.4.2. 2  30.00 0.00 0.00   0.00 0.00   

  1.1.4.3. 3  30.00 4.00 120.00   0.00 120.00   

  1.1.4.4. 4  30.00 0.00 0.00   0.00 0.00   

  1.1.4.5. 5  30.00 4.00 120.00   0.00 120.00   

  1.1.4.6. 6  32.00 0.00 0.00   0.00 0.00   

  1.1.4.7. 7  32.00 4.00 128.00   0.00 128.00   

  1.1.4.8. 8  32.00 0.00 0.00   0.00 0.00   

  1.1.4.9. 9  32.00 2.00 64.00   0.00 64.00   

  1.1.4.10. 10  32.00 0.00 0.00   0.00 0.00   

  1.1.6.   0.80 429 343.04   0.00 343.04   

  1.1.7.  Air-Deck  28.00 16 448.00   0.00 448.00   
               17,323.44   

 

 

 

 

 



101 
 

 
 

 

 

   /  
  

      

6                  

  1.1.1. (TNT)  120.00 64.96 7,795.20   0.00 7,795.20   

  1.1.2.  Kg 15.20 812.00 12,342.40   0.00 12,342.40   

  1.1.3.    24.80 51.81 1,284.78   0.00 1,284.78   

  1.1.4.          

  1.1.4.1. 1  30.00 2.00 60.00   0.00 60.00   

  1.1.4.2. 2  30.00 0.00 0.00   0.00 0.00   

  1.1.4.3. 3  30.00 4.00 120.00   0.00 120.00   

  1.1.4.4. 4  30.00 0.00 0.00   0.00 0.00   

  1.1.4.5. 5  30.00 4.00 120.00   0.00 120.00   

  1.1.4.6. 6  32.00 0.00 0.00   0.00 0.00   

  1.1.4.7. 7  32.00 4.00 128.00   0.00 128.00   

  1.1.4.8. 8  32.00 0.00 0.00   0.00 0.00   

  1.1.4.9. 9  32.00 2.00 64.00   0.00 64.00   

  1.1.4.10. 10  32.00 0.00 0.00   0.00 0.00   

  1.1.6.   0.80 462 369.92   0.00 369.92   

               22,284.30   
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2 

29.76% 

 29.76% Sub drill 

   /  
  

      

7                  

  1.1.1. (TNT)  120.00 45.44 5,452.80   0.00 5,452.80   

  1.1.2.  Kg 15.20 568.00 8,633.60   0.00 8,633.60   

  1.1.3.    24.80 36.24 898.71   0.00 898.71   

  1.1.4.          

  1.1.4.1. 1  30.00 2.00 60.00   0.00 60.00   

  1.1.4.2. 2  30.00 0.00 0.00   0.00 0.00   

  1.1.4.3. 3  30.00 4.00 120.00   0.00 120.00   

  1.1.4.4. 4  30.00 0.00 0.00   0.00 0.00   

  1.1.4.5. 5  30.00 4.00 120.00   0.00 120.00   

  1.1.4.6. 6  32.00 0.00 0.00   0.00 0.00   

  1.1.4.7. 7  32.00 4.00 128.00   0.00 128.00   

  1.1.4.8. 8  32.00 0.00 0.00   0.00 0.00   

  1.1.4.9. 9  32.00 2.00 64.00   0.00 64.00   

  1.1.4.10. 10  32.00 0.00 0.00   0.00 0.00   

  1.1.6.   0.80 429 343.04   0.00 343.04   

  1.1.7.  Air-Deck  28.00 16 448.00   0.00 448.00   
               16,268.15   
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   /  
  

      

7                  

  1.1.1. (TNT)  120.00 64.96 7,795.20   0.00 7,795.20   

  1.1.2.  Kg 15.20 812.00 12,342.40   0.00 12,342.40   

  1.1.3.    24.80 51.81 1,284.78   0.00 1,284.78   

  1.1.4.          

  1.1.4.1. 1  30.00 2.00 60.00   0.00 60.00   

  1.1.4.2. 2  30.00 0.00 0.00   0.00 0.00   

  1.1.4.3. 3  30.00 4.00 120.00   0.00 120.00   

  1.1.4.4. 4  30.00 0.00 0.00   0.00 0.00   

  1.1.4.5. 5  30.00 4.00 120.00   0.00 120.00   

  1.1.4.6. 6  32.00 0.00 0.00   0.00 0.00   

  1.1.4.7. 7  32.00 4.00 128.00   0.00 128.00   

  1.1.4.8. 8  32.00 0.00 0.00   0.00 0.00   

  1.1.4.9. 9  32.00 2.00 64.00   0.00 64.00   

  1.1.4.10. 10  32.00 0.00 0.00   0.00 0.00   

  1.1.6.   0.80 462 369.92   0.00 369.92   

               22,284.30   
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3 

33.73% 

 33.73% Sub drill 

   /  
  

      

8                  

  1.1.1. (TNT)  120.00 42.24 5,068.80   0.00 5,068.80   

  1.1.2.  Kg 15.20 528.00 8,025.60   0.00 8,025.60   

  1.1.3.    24.80 33.69 835.42   0.00 835.42   

  1.1.4.          

  1.1.4.1. 1  30.00 2.00 60.00   0.00 60.00   

  1.1.4.2. 2  30.00 0.00 0.00   0.00 0.00   

  1.1.4.3. 3  30.00 4.00 120.00   0.00 120.00   

  1.1.4.4. 4  30.00 0.00 0.00   0.00 0.00   

  1.1.4.5. 5  30.00 4.00 120.00   0.00 120.00   

  1.1.4.6. 6  32.00 0.00 0.00   0.00 0.00   

  1.1.4.7. 7  32.00 4.00 128.00   0.00 128.00   

  1.1.4.8. 8  32.00 0.00 0.00   0.00 0.00   

  1.1.4.9. 9  32.00 2.00 64.00   0.00 64.00   

  1.1.4.10. 10  32.00 0.00 0.00   0.00 0.00   

  1.1.6.   0.80 429 343.04   0.00 343.04   

  1.1.7.  Air-Deck  28.00 16 448.00   0.00 448.00   
               15,212.86   
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   /  
  

      

8                  

  1.1.1. (TNT)  120.00 64.96 7,795.20   0.00 7,795.20   

  1.1.2.  Kg 15.20 812.00 12,342.40   0.00 12,342.40   

  1.1.3.    24.80 51.81 1,284.78   0.00 1,284.78   

  1.1.4.          

  1.1.4.1. 1  30.00 2.00 60.00   0.00 60.00   

  1.1.4.2. 2  30.00 0.00 0.00   0.00 0.00   

  1.1.4.3. 3  30.00 4.00 120.00   0.00 120.00   

  1.1.4.4. 4  30.00 0.00 0.00   0.00 0.00   

  1.1.4.5. 5  30.00 4.00 120.00   0.00 120.00   

  1.1.4.6. 6  32.00 0.00 0.00   0.00 0.00   

  1.1.4.7. 7  32.00 4.00 128.00   0.00 128.00   

  1.1.4.8. 8  32.00 0.00 0.00   0.00 0.00   

  1.1.4.9. 9  32.00 2.00 64.00   0.00 64.00   

  1.1.4.10. 10  32.00 0.00 0.00   0.00 0.00   

  1.1.6.   0.80 462 369.92   0.00 369.92   

               22,284.30   
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4 

37.70% 

  37.70% Sub drill 

   /  
  

      

9                  

  1.1.1. (TNT)  120.00 39.04 4,684.80   0.00 4,684.80   

  1.1.2.  Kg 15.20 488.00 7,417.60   0.00 7,417.60   

  1.1.3.    24.80 31.13 772.13   0.00 772.13   

  1.1.4.        0.00   0.00 0.00   

  1.1.4.1. 1  30.00 2.00 60.00   0.00 60.00   

  1.1.4.2. 2  30.00 0.00 0.00   0.00 0.00   

  1.1.4.3. 3  30.00 4.00 120.00   0.00 120.00   

  1.1.4.4. 4  30.00 0.00 0.00   0.00 0.00   

  1.1.4.5. 5  30.00 4.00 120.00   0.00 120.00   

  1.1.4.6. 6  32.00 0.00 0.00   0.00 0.00   

  1.1.4.7. 7  32.00 4.00 128.00   0.00 128.00   

  1.1.4.8. 8  32.00 0.00 0.00   0.00 0.00   

  1.1.4.9. 9  32.00 2.00 64.00   0.00 64.00   

  1.1.4.10. 10  32.00 0.00 0.00   0.00 0.00   

  1.1.6.   0.80 429 343.04   0.00 343.04   

  1.1.7.  Air-Deck  28.00 16 448.00   0.00 448.00   
               14,157.57   
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   /  
  

      

9                  

  1.1.1. (TNT)  120.00 64.96 7,795.20   0.00 7,795.20   

  1.1.2.  Kg 15.20 812.00 12,342.40   0.00 12,342.40   

  1.1.3.    24.80 51.81 1,284.78   0.00 1,284.78   

  1.1.4.        0.00   0.00 0.00   

  1.1.4.1. 1  30.00 2.00 60.00   0.00 60.00   

  1.1.4.2. 2  30.00 0.00 0.00   0.00 0.00   

  1.1.4.3. 3  30.00 4.00 120.00   0.00 120.00   

  1.1.4.4. 4  30.00 0.00 0.00   0.00 0.00   

  1.1.4.5. 5  30.00 4.00 120.00   0.00 120.00   

  1.1.4.6. 6  32.00 0.00 0.00   0.00 0.00   

  1.1.4.7. 7  32.00 4.00 128.00   0.00 128.00   

  1.1.4.8. 8  32.00 0.00 0.00   0.00 0.00   

  1.1.4.9. 9  32.00 2.00 64.00   0.00 64.00   

  1.1.4.10. 10  32.00 0.00 0.00   0.00 0.00   

  1.1.6.   0.80 462 369.92   0.00 369.92   

               22,284.30   
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5 

41.67% 

 3.50 m. Sub drill 

   /  
  

      

10                  

  1.1.1. (TNT)  120.00 35.84 4,300.80   0.00 4,300.80   

  1.1.2.  Kg 15.20 448.00 6,809.60   0.00 6,809.60   

  1.1.3.    24.80 28.58 708.84   0.00 708.84   

  1.1.4.        0.00   0.00 0.00   

  1.1.4.1. 1  30.00 2.00 60.00   0.00 60.00   

  1.1.4.2. 2  30.00 0.00 0.00   0.00 0.00   

  1.1.4.3. 3  30.00 4.00 120.00   0.00 120.00   

  1.1.4.4. 4  30.00 0.00 0.00   0.00 0.00   

  1.1.4.5. 5  30.00 4.00 120.00   0.00 120.00   

  1.1.4.6. 6  32.00 0.00 0.00   0.00 0.00   

  1.1.4.7. 7  32.00 4.00 128.00   0.00 128.00   

  1.1.4.8. 8  32.00 0.00 0.00   0.00 0.00   

  1.1.4.9. 9  32.00 2.00 64.00   0.00 64.00   

  1.1.4.10. 10  32.00 0.00 0.00   0.00 0.00   

  1.1.6.   0.80 429 343.04   0.00 343.04   

  1.1.7.  Air-Deck  28.00 16 448.00   0.00 448.00   
               13,102.28   
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   /  
  

      

10                  

  1.1.1. (TNT)  120.00 64.96 7,795.20   0.00 7,795.20   

  1.1.2.  Kg 15.20 812.00 12,342.40   0.00 12,342.40   

  1.1.3.    24.80 51.81 1,284.78   0.00 1,284.78   

  1.1.4.        0.00   0.00 0.00   

  1.1.4.1. 1  30.00 2.00 60.00   0.00 60.00   

  1.1.4.2. 2  30.00 0.00 0.00   0.00 0.00   

  1.1.4.3. 3  30.00 4.00 120.00   0.00 120.00   

  1.1.4.4. 4  30.00 0.00 0.00   0.00 0.00   

  1.1.4.5. 5  30.00 4.00 120.00   0.00 120.00   

  1.1.4.6. 6  32.00 0.00 0.00   0.00 0.00   

  1.1.4.7. 7  32.00 4.00 128.00   0.00 128.00   

  1.1.4.8. 8  32.00 0.00 0.00   0.00 0.00   

  1.1.4.9. 9  32.00 2.00 64.00   0.00 64.00   

  1.1.4.10. 10  32.00 0.00 0.00   0.00 0.00   

  1.1.6.   0.80 462 369.92   0.00 369.92   

               22,284.30   

 

 
 
 
 
 
 
 
 
 
 
 
 






