
77 
 

DAFTAR PUSTAKA 

 
 
Ash, R.L., 1990. Design of Blasting Round, Kennedy (Editor), Surface Mining, Society for 

Mining, Metallurgy, and Exploration, Inc. Page. 565-584  
 
 
Aubertin. D. J., Hutchinson. J. D., Diedderichs. M., 2021, Horizontal Single Hole Blast 

Testing–Part 1: Systematic Measurements Using TLS Surveys, Tunnelling and 
Underground Space Technology incorporating Trenchless Technology 
Research, pp. 1-9. 

 
Bamford, T., Esmaeili, K., Schoelig. P. A., 2021, A Deep Learning Approach for Rock 

Fragmentation Analysis, International Journal of Rock Mechanics and Mining 
Sciences (145): pp 1-13  

 
 
Nobel. D., 2011. Blasting and Explosive Quick References Guide. Dyno Nobel Asia Pacific 

Pty. Perth, Australia. 
 
Dick, R.A., Flectcher, L.R and Andrea, D, V., 1995.  Factors in Selecting and applying 

Commercial Explosive and Blasting Agents. US Department: Bureau of Mines 
IC 8409. 

 
Essen, S., and Bligin, H.A., 2005, Effect of Explosive On Fragmentation Depatment of 

Mining Engineering, Middle East Technical University, Ankara, Turkey. 
 
Frianto, R., Nurhakim., Riswan., 2014. Kajian Teknis Geometri Peledakan pada 

Keberhasilan Pembongkaran Overburden Berdasarkan Fragmentasi Hasil 

Peledakan. Jurnal Fisika FLUX, vol. 1, pp. 56–65 
 
Hustrulid, W, 1999. Blasting Principles for Open Pit Mining, Colorado School of Mines, 

Golden, Colorado, USA, Page 83–84. 
 
Ipmawati. M. R., Nainggolan. R. D., Wihyono. B., Sunarya R., 2018, Effect Double-Primer 

Placement for Improving the Fragmentation On Harder Material in Stemming 
Column, Earth and Environmental Science (212), Hal 1–11 

 
Kabwe. E., 2019, Influence of Air Gap Volume On Achieving Steady-State Velocity of 

Detonation, Mining, Metallurgy & Exploration, pp. 1–11. 
 
Koesnaryo. S., 2001, Rancangan Peledakan Batuan, Teknik Pertambangan Fakultas 

Teknologi Mineral Universitas Pembangunan Nasional Veteran, Yogyakarta. 
 
Konya, C. J., 1995. Surface Blast Design, Intercontinental Development, Monville, Ohio. 
 
Konya, C. J. and E. J. Walter, 1990. Surface Blast Design. New Jersey: Prentice- Hall, 

Inc, Page 127 – 136 
 
Kuznetsov. V. M., 1973, The Mean Diameter of the Fragments Formed by Blasting Rock, 

Soviet Mining Science, 9(2): 144-148 

 
 
Lily, P. A., 1986. An Empirical Method of Assesing Rock Mass Blastability. Parkville, 

Victoria, The Aus IMM. 
 
Nainggolan. R. D., Sitorus. R., Eveny. N. O., Sariandi. F., 2018, Correlation Between 

Uniaxial Compressive Strength (UCS) and Blasting Geometry On Rock 



78 
 

Excavation at PT Agincourt Resources, Earth and Environmental Science (212), 

Hal. 1–10. 
 
Selby, M. J. (1993) A Rock Mass Strenght Classification for Geomorphic Porposes: with 

from Antarctica and New Zealand. Zeitschrift fur geomorphologie. 24. 31-51. 
 
Sugiyono. (2017). Metode Penelitian Kuantitatif, dan R&D. Alfabeta: Bandung. 
 
Sunyoto, D. 2012. Statistika Induktif: Untuk Penelitian Ekonomi dan Bisnis. Yogyakarta: 

Caps 
 
Torbica, S. and Lapcevic, V., 2014. Rock Breakage by Explosives. European International 

Journal by Explosives, 3(2), pp. 96–104. 
 
Xiao. S., Wang. H., Dong. G., 2019, A Preliminary Study on the Design Method for Large-

Diameter Deep-Hole Presplit Blasting and its Vibration-Isolation Effect, Hindawi 
Shock and Vibration, Hal. 1-11 

 
Zhang. X. Z., 2014, Effect of Double-Primer Placement On Rock Fracture and Ore 

Recovery, International Journal of Rock Mechanics and Mining Sciences: pp 

208–216  
 
Zhang. X. Z., Qiao. Y., Chi. Y. L., Hou. F. D., 2021, Experimental Study of Rock 

Fragmentation Under Different Stemming Conditions in Model Blasting, 
International Journal of Rock Mechanics and Mining Sciences (143): pp 1–9. 

 
  



79 
 

 

 

 

 

 

 

 

 

 

 

LAMPIRAN 

  



80 
 

 

 

 

 

 

 

 

 

 

 

LAMPIRAN A 

PETA LOKASI PENELITIAN



 

78 
 

 



 

82 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

LAMPIRAN B 

GEOMETRI PELEDAKAN 
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A. Peledakan Pertama 

No 
Burden Spasi Depth 

(m) (m) (m) 

1 7 8 3,2 

2 7 8 3,3 

3 7 8 4 

4 7 8 5 

5 7 8 5,3 

6 7 8 5,5 

7 7 8 5,5 

8 7 8 6 

9 7 8 6,5 

10 7 8 6,5 

11 7 8 7 

12 7 8 7,5 

13 7 8 8,1 

14 7 8 8,3 

15 7 8 8,4 

16 7 8 8,5 

17 7 8 8,5 

18 7 8 8,5 

19 7 8 8,5 

20 7 8 8,5 

21 7 8 8,6 

22 7 8 8,6 

23 7 8 8,7 

24 7 8 8,7 

25 7 8 8,8 

26 7 8 9 

27 7 8 9 
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B. Peledakan Kedua 

No 
Burden Spasi Depth 

(m) (m) (m) 

1 7 8 7 

2 7 8 7,1 

3 7 8 7,5 

4 7 8 7,5 

5 7 8 7,5 

6 7 8 7,5 

7 7 8 7,5 

8 7 8 7,7 

9 7 8 7,7 

10 7 8 7,8 

11 7 8 7,8 

12 7 8 7,8 

13 7 8 7,8 

14 7 8 7,8 

15 7 8 7,8 

16 7 8 7,8 

17 7 8 7,8 

18 7 8 8 

19 7 8 8 

20 7 8 8 

21 7 8 8 

22 7 8 8 

23 7 8 8 
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C. Peledakan Ketiga 

No 
Burden Spasi Depth 

(m) (m) (m) 

1 7 8 6,5 

2 7 8 6,5 

3 7 8 7 

4 7 8 7 

5 7 8 7 

6 7 8 7 

7 7 8 7 

8 7 8 7 

9 7 8 7,1 

10 7 8 7,5 

11 7 8 7,5 

12 7 8 7,6 

13 7 8 7,8 

14 7 8 7,8 

15 7 8 8 

16 7 8 8 

17 7 8 8 

18 7 8 8 

19 7 8 8,5 

20 7 8 8,5 

21 7 8 8,5 

22 7 8 8,5 

23 7 8 8,7 

24 7 8 8,7 

25 7 8 8,7 

26 7 8 8,8 

27 7 8 8,8 

28 7 8 8,8 

29 7 8 8,8 

30 7 8 8,8 

31 7 8 8,9 

32 7 8 9 

33 7 8 9 

34 7 8 9 

35 7 8 9 
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D. Peledakan Keempat 

No 
Burden Spasi Depth 

(m) (m) (m) 

1 7 8 7 

2 7 8 7 

3 7 8 7 

4 7 8 7,1 

5 7 8 7,1 

6 7 8 7,1 

7 7 8 7,1 

8 7 8 7,2 

9 7 8 7,2 

10 7 8 7,2 

11 7 8 7,2 

12 7 8 7,2 

13 7 8 7,3 

14 7 8 7,3 

15 7 8 7,8 

16 7 8 7,8 

17 7 8 7,9 

18 7 8 7,9 

19 7 8 7,9 

20 7 8 7,9 

21 7 8 7,9 

22 7 8 7,9 

23 7 8 7,9 

24 7 8 8 

25 7 8 8 

26 7 8 8 

27 7 8 8 

28 7 8 8 

29 7 8 8 

30 7 8 8 
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31 7 8 8 

32 7 8 8 

33 7 8 8 

34 7 8 8,1 

35 7 8 8,1 

36 7 8 8,5 

37 7 8 8,5 

38 7 8 8,5 

39 7 8 8,8 

40 7 8 8,8 

41 7 8 8,9 

42 7 8 8,9 

43 7 8 8,9 

44 7 8 8,9 

45 7 8 9 

46 7 8 9 

47 7 8 9 

48 7 8 9 

49 7 8 9 

50 7 8 9 

51 7 8 9 

52 7 8 9 

53 7 8 9 

54 7 8 9 
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E. Peledakan Kelima 

No 
Burden Spasi Depth 

(m) (m) (m) 

1 7 8 6 

2 7 8 6 

3 7 8 6 

4 7 8 6 

5 7 8 6 

6 7 8 6,2 

7 7 8 6,2 

8 7 8 6,3 

9 7 8 6,6 

10 7 8 6,8 

11 7 8 6,8 

12 7 8 6,8 

13 7 8 7 

14 7 8 7 

15 7 8 7 

16 7 8 7 

17 7 8 7 

18 7 8 7 

19 7 8 7 

20 7 8 7 
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LAMPIRAN C 

PERHITUNGAN DISTRIBUSI FRAGMENTASI  

METODE KUZ-RAM 
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A. Peledakan Pertama 

R (% of Retain > Material Size) 

R = e−(x
xc⁄ )

n

; x = Ukuran lubang saringan 

1. x = 10 

R = e−(x
xc⁄ )

n

 

R = 2,718
−(10

33,27⁄ )
1.439

 

R = 16,24% 

2. x = 20 

R = e−(x
xc⁄ )

n

 

R = 2,718
−(20

33,27⁄ )
1.439

 

R = 38,16% 

3. x = 30 

R = e−(x
xc⁄ )

n

 

R = 2,718
−(30

33,27⁄ )
1.439

 

R = 57,14% 

4. x = 40 

R = e−(x
xc⁄ )

n

 

R = 2,718
−(40

33,27⁄ )
1.439

 

R = 72,84% 

5. x = 50 

R = e−(x
xc⁄ )

n

 

R = 2,718
−(50

33,27⁄ )
1.439

 

R = 83,42% 

6. x = 60 

R = e−(x
xc⁄ )

n
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R = 2,718
−(60

33,27⁄ )
1.439

 

R = 90,33% 

7. x = 70 

R = e−(x
xc⁄ )

n

 

R = 2,718
−(70

33,27⁄ )
1.439

 

R = 94,59% 

8. x = 80 

R = e−(x
xc⁄ )

n

 

R = 2,718
−(80

33,27⁄ )
1.439

 

R = 97,08% 

9. x = 90 

R = e−(x
xc⁄ )

n

 

R = 2,718
−(90

33,27⁄ )
1.439

 

R = 98,48% 

10. x = 100 

R = e−(x
xc⁄ )

n

 

R = 2,718
−(100

33,27⁄ )
1.439

 

R = 99,24% 

 

B. Peledakan Kedua 

R (% of Retain > Material Size) 

R = e−(x
xc⁄ )

n

; x = Ukuran lubang saringan 

1. x = 10 

R = e−(x
xc⁄ )

n
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R = 2,718
−(10

33,51⁄ )
1.414

 

R = 16,54% 

2. x = 20 

R = e−(x
xc⁄ )

n

 

R = 2,718
−(20

33,51⁄ )
1.414

 

R = 38,23% 

3. x = 30 

R = e−(x
xc⁄ )

n

 

R = 2,718
−(30

33,51⁄ )
1.414

 

R = 57,47% 

4. x = 40 

R = e−(x
xc⁄ )

n

 

R = 2,718
−(40

33,51⁄ )
1.414

 

R = 72,31% 

5. x = 50 

R = e−(x
xc⁄ )

n

 

R = 2,718
−(50

33,51⁄ )
1.414

 

R = 82,80% 

6. x = 60 

R = e−(x
xc⁄ )

n

 

R = 2,718
−(60

33,51⁄ )
1.414

 

R = 89,75% 

7. x = 70 

R = e−(x
xc⁄ )

n

 

R = 2,718
−(70

33,51⁄ )
1.414

 



93 
 

R 94,12% 

8. x = 80 

R = e−(x
xc⁄ )

n

 

R = 2,718
−(80

33,51⁄ )
1.414

 

R = 96,74% 

9. x = 90 

R = e−(x
xc⁄ )

n

 

R = 2,718
−(90

33,51⁄ )
1.414

 

R = 98,24% 

10. x = 100 

R = e−(x
xc⁄ )

n

 

R = 2,718
−(100

33,51⁄ )
1.414

 

R = 98,50% 

 

C. Peledakan Ketiga 

R (% of Retain > Material Size) 

R = e−(x
xc⁄ )

n

; x = Ukuran lubang saringan 

1. x = 10 

R = e−(x
xc⁄ )

n

 

R = 2,718
−(10

32,63⁄ )
1.535

 

R = 15,02% 

2. x = 20 

R = e−(x
xc⁄ )

n

 

R = 2,718
−(20

32,63⁄ )
1.535
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R = 37,60% 

3. x = 30 

R = e−(x
xc⁄ )

n

 

R = 2,718
−(30

32,63⁄ )
1.535

 

R = 58,48% 

4. x = 40 

R = e−(x
xc⁄ )

n

 

R = 2,718
−(40

32,63⁄ )
1.535

 

R = 74,51% 

5. x = 50 

R = e−(x
xc⁄ )

n

 

R = 2,718
−(50

32,63⁄ )
1.535

 

R = 85,42% 

6. x = 60 

R = e−(x
xc⁄ )

n

 

R = 2,718
−(60

32,63⁄ )
1.535

 

R = 92,17% 

7. x = 70 

R = e−(x
xc⁄ )

n

 

R = 2,718
−(70

32,63⁄ )
1.535

 

R = 92,17% 

8. x = 80 

R = e−(x
xc⁄ )

n

 

R = 2,718
−(80

32,63⁄ )
1.535

 

R = 98,10% 
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9. x = 90 

R = e−(x
xc⁄ )

n

 

R = 2,718
−(90

32,63⁄ )
1.535

 

R = 99,13% 

10. x = 100 

R = e−(x
xc⁄ )

n

 

R = 2,718
−(100

32,63⁄ )
1.535

 

R = 99,62% 

 

D. Peledakan Keempat 

R (% of Retain > Material Size) 

R = e−(x
xc⁄ )

n

; x = Ukuran lubang saringan 

1. x = 10 

R = e−(x
xc⁄ )

n

 

R = 2,718
−(10

32,54⁄ )
1,559

 

R = 14,69% 

2. x = 20 

R = e−(x
xc⁄ )

n

 

R = 2,718
−(20

32,54⁄ )
1,559

 

R = 37,38% 

3. x = 30 

R = e−(x
xc⁄ )

n

 

R = 2,718
−(30

32,54⁄ )
1,559

 

R = 58,56% 
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4. x = 40 

R = e−(x
xc⁄ )

n

 

R = 2,718
−(40

32,54⁄ )
1,559

 

R = 74,83% 

5. x = 50 

R = e−(x
xc⁄ )

n

 

R = 2,718
−(50

32,54⁄ )
1,559

 

R = 85,83% 

6. x = 60 

R = e−(x
xc⁄ )

n

 

R = 2,718
−(60

32,54⁄ )
1,559

 

R = 92,54% 

7. x = 70 

R = e−(x
xc⁄ )

n

 

R = 2,718
−(70

32,54⁄ )
1,559

 

R = 96,32% 

8. x = 80 

R = e−(x
xc⁄ )

n

 

R = 2,718
−(80

32,54⁄ )
1,559

 

R = 98,29% 

9. x = 90 

R = e−(x
xc⁄ )

n

 

R = 2,718
−(90

32,54⁄ )
1,559

 

R = 99,24% 

10. x = 100 
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R = e−(x
xc⁄ )

n

 

R = 2,718
−(100

32,54⁄ )
1,559

 

R = 99,68% 

E. Peledakan kelima 

R (% of Retain > Material Size) 

R = e−(x
xc⁄ )

n

; x = Ukuran lubang saringan 

1. x = 10 

R = e−(x
xc⁄ )

n

 

R = 2,718
−(10

33,27⁄ )
1.439

 

R = 16,24% 

2. x = 20 

R = e−(x
xc⁄ )

n

 

R = 2,718
−(20

33,27⁄ )
1.439

 

R = 38,16% 

3. x = 30 

R = e−(x
xc⁄ )

n

 

R = 2,718
−(30

33,27⁄ )
1.439

 

R = 57,14% 

4. x = 40 

R = e−(x
xc⁄ )

n

 

R = 2,718
−(40

33,27⁄ )
1.439

 

R = 72,84% 

5. x = 50 

R = e−(x
xc⁄ )

n
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R = 2,718
−(50

33,27⁄ )
1.439

 

R = 83,42% 

6. x = 60 

R = e−(x
xc⁄ )

n

 

R = 2,718
−(60

33,27⁄ )
1.439

 

R = 90,33% 

7. x = 70 

R = e−(x
xc⁄ )

n

 

R = 2,718
−(70

33,27⁄ )
1.439

 

R = 94,59% 

8. x = 80 

R = e−(x
xc⁄ )

n

 

R = 2,718
−(80

33,27⁄ )
1.439

 

R = 97,08% 

9. x = 90 

R = e−(x
xc⁄ )

n

 

R = 2,718
−(90

33,27⁄ )
1.439

 

R = 98,48% 

10. x = 100 

R = e−(x
xc⁄ )

n

 

R = 2,718
−(100

33,27⁄ )
1.439

 

R = 99,24% 
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LAMPIRAN D 

UJI VALIDASI T 
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Hasil Uji Validasi T 

x y xy x2 y2 

0.19 83.93 15.95 0.04 7044.24 

0.23 96.56 22.21 0.05 9323.83 

0.22 89.01 19.58 0.05 7922.78 

0.24 98.60 23.66 0.06 9721.96 

0.22 96.76 21.29 0.05 9362.50 

 

Nilai Fragmentasi yang lolos ayakan 50 cm yang ditetapkan perusahaan yaitu 80% 

𝜇0 = 80 

a. Hipotesis (Ha dan Ho) dalam uraian kalimat: 

Ha : Nilai fragmentasi yang lolos ayakan 50 cm dipengaruhi oleh powder factor 

paling tinggi 80% dari nilai fragmentasi rata-rata. 

Ho : Nilai fragmentasi yang lolos ayakan 50 cm dipengaruhi oleh powder factor 

paling rendah atau sama dengan 80% dari nilai fragmentasi rata-rata. 

b. Hipotesis (Ha dan Ho) model statistik  

Ha : 𝜇0 < 80%  

Ho : 𝜇0 ≥ 80% 

c. Standar deviasi (s) dan rata-rata 𝑥̅  

𝑠 =
√∑ 𝑦2 −

(∑ 𝑦)2

𝑛
𝑛 − 1

=  
√∑ 43375,32 −

(∑ 464,86)2

5
5 − 1

= 6,25 

𝑥̅ =  
∑ 𝑦

𝑛
=  

464,86

5
= 92,97 
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d. Nilai thitung  

𝑡ℎ𝑖𝑡𝑢𝑛𝑔 =
𝑦̅ − 𝜇0

𝑠

√𝑛

=
92,97 − 80

6,25

√5

= 4,64 

e. Nilai ttabel  

Taraf signifikan yang digunakan adalah 𝛼 = 0,05, nilai db yang diperoleh adalah: 

𝑑𝑏 = 𝑛 − 1 = 5 − 1 = 4,  

Sehingga ttabel yang diperoleh adalah 2,132. 

f. Kriteria pengujian  

Kriteria pengujian pihak kiri adalah: 𝑗𝑖𝑘𝑎 − 𝑡𝑡𝑎𝑏𝑒𝑙 ≤ 𝑡ℎ𝑖𝑡𝑢𝑛𝑔, 𝑚𝑎𝑘𝑎 𝐻0 𝑑𝑖𝑡𝑒𝑟𝑖𝑚𝑎 𝑑𝑎𝑛 

𝐻𝑎 𝑑𝑖𝑡𝑜𝑙𝑎𝑘  

g. Kesimpulan  

Hasil yang dipeoroleh adalah −𝑡𝑡𝑎𝑏𝑒𝑙 < 𝑡ℎ𝑖𝑡𝑢𝑛𝑔, sehingga Ho diterima dan Ha ditolak. 

Hal ini menunjukkan bahwa fragmentasi dipengaruhi oleh powder factor paling 

rendah 80% dari rata-rata fragmentasi. 
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LAMPIRAN E 

LEMBAR KONSULTASI 
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