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Lampiran 1. Peta Lokasi Penelitian Pit 3 Timur Banko Tengah 
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Lampiran 2. Peta Geologi Pit 3 Timur Banko Tengah
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Lampiran 3. Peta Blastmap Pit 3 Timur Banko Tengah



 

 

 
 

 
Lokasi 

 
: 

 
PIT 3 Banko Tengah 

Tanggal : April - Mei 

Jam : 12:00 

LEGENDA 
 

 

: 

 

Jarak Aman Alat 300 meter 

 
: Jarak Aman Alat 150 meter 

 
: Jarak Aman Manusia 500 meter 

 
: Lokasi Blasting 

: Road Blocker 

ROAD BLOCKER 

 
Road Blocker Name Sign 

Blocker 1   

Blocker 2   

Blocker 3   

BLASTING MAP DAN ROAD BLOCKER 
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Lampiran 4. Nilai Faktor Batuan Pit 3 Timur Banko Tengah 

1. ROCK MASS DESCRIPTION (RMD) PEMBOBOTAN PT Bukit Asam,Tbk 

POWDER/FRIABLE 10  

BLOCKY 20 20 

TOTALLY MASIVE 50  

2. JOINT PLANE SPACING  (JPS) PEMBOBOTAN  

CLOSE (<0,1 m) 10  

INTERMEDIET (0,1 – 1,0 m) 20  

WIDE (>1,0 m) 50 50 

3. JOINT PLANE ORIENTATION (JPO) PEMBOBOTAN  

HARIZONTAL 10  

DIP OUT OF FACE 20  

STRIKE NORMAL TO FACE 30  

DIP INTO FACE 40                             40 

4. SPECIFIC GRAVITY INFLUENCE (SGI) SGI = (25 x Bobot Isi) – 50 1,75 

5. HARDNESS (HD) 1-10 5,25 

1. Rock Mass Description (RMD) 

 Mendeskripsikan massa batuan (RMD), dimana batuan pada Pit 3 Timur 

Banko Tengah termasuk ke dalam material yang keras dan blocky dengan nilai 

pembobotan sebesar 20. 

2. Joint Plane Spacing (JPS) 

 Jarak spasi antar rekahan, dimana keadaan batuan pada lapisan di Pit 3 

Timur Banko Tengah termasuk ke dalam golongan wide dengan nilai pembobotan 

sebesar 50. 

3. Joint Plane Orientation (JPO) 

 Orientasi antar rekahan batuan pada Pit 3 Timur Banko Tengah termasuk 

ke dalam golongan dip into face dengan nilai pembobotan sebesar 40. 

4. Specific Gravity Influence (SGI) 

 Diketahui : Densitas Batu Lempung  = 2,07 ton/m3 

 Specific Gravity Influence (SGI) = (25 x Bobot Isi) – 50 

      = (25 x 2,07) – 50 

      = 1,75 
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5. Hardness (HD) 

 Hardness (HD)  = 5,25 

Untuk mendapatkan Blastability Index (BI) , parameter-parameter yang diperlukan 

adalah sebagai berikut :  

Blastability Index (BI) = 0,5 (RMD + JPS + JPO + SGI + HD)  

   = 0,5 (20 + 50 + 40 + 1,75 + 5,25) 

   = 58,5 

Faktor Batuan  = BI x 0,12 

   = 58,5 x 0,12 

   = 7,02 

Lampiran 5. Perhitungan Karakteristik Detonasi Bahan Peledak 

1. Strength  

Weight strength  = AWS ANFO (94,5% : 5,5%) 

   = 930 kcal/kg 

Volume strength  = ABShandak  = AWShandak x ρhandak 

     = 930 kcal/kg x 0,85 gr/cc 

     = 790,5 cal/cc 

Dimana:  

- AWS (Absolute weight strength) merupakan jumlah energi absolut yang 

tersedia secara teoritis berdasarkan komposisi bahan peledak, dalam satuan 

kcal/kg. 

- ABS (Absolute Bulk Strength) merupakan jumlah energi yang tersedia 

didalam satuan volume bahan peledak 

2. Velocity of detonation (VOD) 

VOD = 3.383 m/s atau 11.100 ft/s 

3. Detonation pressure 

Pd  = 0,25 x VoD2 x ρhandak 

 = 0,25 x 3.3832 x 0,85  

 = 2.432 Mpa 

 = 24,32 kbars 

 = 352,64 psi 

4. Borehole pressure  

Biasanya sekitar 50% dari tekanan detonasi ( 50 % x 352,64 = 176,32 psi) 
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Lampiran 6. Spesifikasi Alat Gali Muat Shovel PC 3000 

 

Tabel 9. Spesifikasi Alat Gali Muat Shovel PC 3000 

Bobot Kerja 250-261 Ton 

Model Mesin Komatsu SSA12V159 

Power Mesin 940 kW 

Voltage 6000-7200 V 

Amperage (approximate) 96 A – 80A 

Nomor Silinder 12 

Kapasitas Bucket 15 m3 

Kecepatan Putar Maks 4,6 rpm 

Daya Gali Bucket 1136 kN 

Jangkauan Penggalian Maks 13300 mm 

Kedalaman Penggalian Maks 3300 mm 

Tinggi Penggalian Maks 15100 mm 

Kedalaman Pembuangan Maks 10200 mm 

Lebar Bukaan Bucket 2330 mm 
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Lampiran 7. Spesifikasi Alat Angkut Rigid Truck BELAZ-75135 

 

Tabel 10. Spesifikasi Alat Angkut Rigid Truck BELAZ-75135 

Bobot Kosong Alat 110 Ton 

Model Mesin CUMMINS KTA 38-C 

Nomor Silinder 12 

Kapasitas Vessel 71,2 m3 

Kapasitas Fuel Tank 1900 liter 

Lebar Keseluruhan Alat 7000 mm 

Tinggi Keseluruhan Alat 5900 m3 

Panjang Keseluruhan Alat 7450 mm 

Jarak Antar Dua Ban 5160 mm 

Jarak As Roda Depan Dengan Sisi 

Samping Terluar HD 

2850 mm 

Jarak As Roda Belakang Dengan Sisi 

Samping Terluar HD 

2900 mm 

Tinggi Alat (Ban Atas Kabin) 3400 mm 

Panjang Vessel  7450 mm 

Jarak Terendah Ke Tanah 600 mm 

Turning Radius 13000 mm 

Overall Turning Radius 28000 mm 

Maksimum Penyimpangan Belok 

Roda (Stering Angle) 

42 Derajat 
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Lampiran 8. Spesifikasi Alat Bor RTD55 
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Lampiran 9. Peralatan Peledakan 

a. Detonator Listrik  

- Merk   : Detonator Listrik No.8 

- Produsen   : IDL India 

- Leg Wire    :  9 meter 

b. In Hole Delay Detonator  

- Delay Time   : 6000 ms, 3000 ms, 500 ms 

- Panjang Tube   : 12 meter  

c. Surface Delay Detonator  

- Delay Time  : 109 ms, 67 ms, 42 ms 

- Panjang Tube   : 9 meter 

d. Ammonium Nitrate & Fuel Oil  

- Merk    : Dahana Ammonium Nitrate 

- Produsen   : PT Dahana, Tasikmalaya, Jawa Barat 

- Komposisi   : AN 95,5% dan FO 4,5% 

- Bentuk    : Porous Prilled (butiran) 

- Jenis    : Blasting Agent 

- Ketahanan Air  : Buruk 

- Asap   : Baik 

- Kecepatan Detonasi : 14.421 ft/s (4370 m/s) 

- Berat Jenis  : 0,80 gr/cc 

- Kekuatan Ledak  : 8.940 kg/cm2 

e. Power Gel (Cartridge)  

- Merk    : Dayagel 

- Produsen   : PT Dahana, Tasikmalaya, Jawa Barat 

- Jenis   : Magnum 101 series 

- Sifat Terhadap Air  : Sangat Baik 

- Diameter Dodol  : 30 mm 

- Berat Jenis  : 1,25 gr/cc 

- Berat    : 182 gr / 0,18 kg 

f. Plastik Liner  

- Diameter Plastik  : 3 inch 
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Lampiran 10. Perlengkapan Peledakan 

a. Blasting Machine 

- Buatan   : Jepang 

- Merk   : Nippon Kayaku 

- Type   : T-500 

- Tegangan   : 15 KV 

- Sumber Tenaga  : DC 6 Dry Cell (sampai 500 detonator) 

- Berat    : 2 Kg 

b. Blasting Ohmmeter  

- Type   : B01991-1 

- Merk   : Reo 

- Daya Kontrol  : Mengontrol sampai dengan 200 detonator 

c. Lead wire 

- Merk   : Golden Leaves 

- Type   : Telp Wire 

- Ukuran   : 2 x 0,6 mm 

- Panjang Gulungan : 500 meter 

d. Tongkat Kayu  

- Panjang   : 6 meter 

- Ukuran   : Diameter lebih kecil dari lubang ledak 
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Lampiran 11. Hasil Pengolahan Fragmentasi Aktual Menggunakan Software 

Wipfrag 3.3 

1. Hasil pengolahan fragmentasi aktual tanggal 12 april 2023 
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2. Hasil pengolahan fragmentasi aktual tanggal 16 april 2023 
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3. Hasil pengolahan fragmentasi aktual tanggal 18 april 2023 
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4. Hasil pengolahan fragmentasi aktual tanggal 19 april 2023 
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5. Hasil pengolahan fragmentasi aktual tanggal 27 april 2023 

 

 

6. Hasil pengolahan fragmentasi aktual tanggal 4 mei 2023 
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7. Hasil pengolahan fragmentasi aktual tanggal 7 mei 2023 

 

 



88 

 

 

8. Hasil pengolahan fragmentasi aktual tanggal 9 mei 2023 
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9. Hasil pengolahan fragmentasi aktual tanggal 10 mei 2023 
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10. Hasil pengolahan fragmentasi aktual tanggal 24 mei 2023 
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Lampiran 12. Perhitungan Rata-rata Geometri Peledakan Aktual 

 

Diketahui:  Jumlah lubang rata-rata (n) 41 

  Diameter (D) 0,2 m 

  Burden (B) 6.9 m 

  Spacing (S) 8.3 m 

  Stemming (T) 4 m 

  Kedalaman Lubang Ledak (H) 6.9 m 

  Panjang Kolom Isian (PC) 2.9 m 

a. Rata-rata Volume Peledakan 

• Volume peledakan perlubang dari rata-rata 10 kali peledakan 

 V = B × S × H 

  = 6.94 m × 8.37 m × 6.94 m 

  = 403,13 Bcm 

• Volume peledakan pehari dari rata-rata 10 kali peledakan 

 V  = B × S × H × Jumlah Lubang (n) 

  = 6.94 m × 8.37 m × 6.94 m × 41 lubang 

  = 16.528 Bcm 

b. Rata-rata Pemakaian Bahan Peledak 

• Loading Density (de) 

 de = 3,14 × 0,25 × D2 × SG bahan peledak × 1000 

  = 3,14 × 0,25 × (0,2)2 × 0,85 × 1000 

  = 26.69 kg/m 

• Bahan peledak perlubang dari rata-rata 10 kali peledakan 

 E = de × PC 

  = 26.69 kg/m × 2.9 m 

  = 77,40 kg 

• Pemakaian bahan peledak dari rata-rata 10 kali peledakan (Qe) 

 Qe = de × PC × n 

  = 26.69 Kg/m × 2.9 m × 41 lubang 

  = 3.173 kg 

Burden Spasi Stemming PC Kedalaman Jml. Lubang

1 12-Apr-23 8 9 3.5 4.4 8 40

2 16-Apr-23 5.5 8.9 4.3 2.9 7.2 40

3 18-Apr-23 7 9 4.5 3.5 8 40

4 19-Apr-23 7.3 9 3.5 4.5 8 50

5 27-Apr-23 7 8 4.5 2.7 7.2 70

6 4-May-23 7.6 9.3 4 3 7 35

7 7-May-23 5.7 7.1 3.1 1.5 4.6 35

8 9-May-23 8.7 8.6 4.8 2.8 7.6 35

9 10-May-23 6.6 8 4 3 7 20

10 24-May-23 6 6.8 4 0.6 4.8 50

6.94 8.37 4.02 2.89 6.94 41.5

Geometri
Sampel Tanggal

Rata-Rata
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• Powder Factor (PF) = 
𝐵𝑒𝑟𝑎𝑡 𝐵𝑎𝑕𝑎𝑛 𝑃𝑒𝑙𝑒𝑑𝑎𝑘

𝑉𝑜𝑙𝑢𝑚𝑒 𝑏𝑎𝑡𝑢𝑎𝑛 𝑦𝑎𝑛𝑔 𝑎𝑘𝑎𝑛 𝑑𝑖𝑙𝑒𝑑𝑎𝑘𝑘𝑎𝑛
  

    = 
3.173 kg

16.528 Bcm
 

    = 0,19 kg/m3 

Lampiran 13. Perhitungan Teoritis Fragmentasi Dengan Metode Kuz-Ram 

1. Tanggal 12 April 2023 

 

2. Tanggal 16 April 2023 

 

3. Tanggal 18 April 2023 

 

  

= 45.3393 cm Screen Tertahan Lolos Fraksi,

size, cm ( R ), % ( P ), % %

  Indeks keseragaman fraksi (n): 2.5 97.00 3.00 0.00 0.0305

5 93.77 6.23 3.23 0.0643

10 87.30 12.70 6.47 0.1358

20 75.07 24.93 12.23 0.2867

n = 1.07817 40 54.58 45.42 20.49 0.6054

60 39.16 60.84 15.42 0.9374

80 27.85 72.15 11.31 1.2783

; xc = 63.708 cm 100 19.67 80.33 8.18 1.6260

200 3.23 96.77 16.44 3.4330
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= 40.3662 cm Screen Tertahan Lolos Fraksi,

size, cm ( R ), % ( P ), % %

  Indeks keseragaman fraksi (n): 2.5 96.36 3.64 0.00 0.0371

5 92.60 7.40 3.76 0.0769

10 85.26 14.74 7.34 0.1595

20 71.83 28.17 13.43 0.3309

n = 1.0527 40 50.34 49.66 21.49 0.6864

60 34.93 65.07 15.41 1.0518

80 24.08 75.92 10.85 1.4238

; xc = 57.1889 cm 100 16.52 83.48 7.56 1.8009

200 2.39 97.61 14.13 3.7357
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= 47.7356 cm Screen Tertahan Lolos Fraksi,

size, cm ( R ), % ( P ), % %

  Indeks keseragaman fraksi (n): 2.5 95.77 4.23 0.00 0.0433

5 92.03 7.97 3.74 0.0830

10 85.27 14.73 6.76 0.1593

20 73.66 26.34 11.61 0.3058

n = 0.9405 40 55.61 44.39 18.05 0.5868

60 42.35 57.65 13.26 0.8593

80 32.42 67.58 9.93 1.1263

; xc = 70.4993 cm 100 24.93 75.07 7.49 1.3893

200 6.95 93.05 17.98 2.6663
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4. Tanggal 19 April 2023 

 

5. Tanggal 27 April 2023 

 

6. Tanggal 4 Mei 2023 

 

7. Tanggal 7 Mei 2023 

 

 

 

= 42.1367 cm Screen Tertahan Lolos Fraksi,

size, cm ( R ), % ( P ), % %

  Indeks keseragaman fraksi (n): 2.5 97.47 2.53 0.00 0.0257

5 94.40 5.60 3.07 0.0576

10 87.86 12.14 6.54 0.1294

20 74.79 25.21 13.07 0.2905

n = 1.16675 40 52.09 47.91 22.70 0.6522

60 35.11 64.89 16.98 1.0467

80 23.13 76.87 11.98 1.4642

; xc = 57.6986 cm 100 14.96 85.04 8.17 1.8996

200 1.41 98.59 13.55 4.2647
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= 47.0238 cm Screen Tertahan Lolos Fraksi,

size, cm ( R ), % ( P ), % %

  Indeks keseragaman fraksi (n): 2.5 92.73 7.27 0.00 0.0754

5 88.04 11.96 4.69 0.1274

10 80.65 19.35 7.39 0.2151

20 69.55 30.45 11.10 0.3632

n = 0.75576 40 54.16 45.84 15.39 0.6132

60 43.47 56.53 10.69 0.8331

80 35.51 64.49 7.96 1.0355

; xc = 76.3933 cm 100 29.36 70.64 6.15 1.2257

200 12.62 87.38 16.74 2.0696
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= 51.831 cm Screen Tertahan Lolos Fraksi,

size, cm ( R ), % ( P ), % %

  Indeks keseragaman fraksi (n): 2.5 95.22 4.78 0.00 0.0489

5 91.42 8.58 3.80 0.0897

10 84.84 15.16 6.58 0.1644

20 73.98 26.02 10.86 0.3014

n = 0.87429 40 57.55 42.45 16.43 0.5525

60 45.49 54.51 12.06 0.7876

80 36.32 63.68 9.17 1.0128

; xc = 78.8419 cm 100 29.20 70.80 7.12 1.2310

200 10.47 89.53 18.73 2.2566
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= 36.6975 cm Screen Tertahan Lolos Fraksi,

size, cm ( R ), % ( P ), % %

  Indeks keseragaman fraksi (n): 2.5 90.60 9.40 0.00 0.0987

5 84.94 15.06 5.66 0.1632

10 76.35 23.65 8.59 0.2699

20 64.01 35.99 12.34 0.4462

n = 0.72535 40 47.82 52.18 16.19 0.7377

60 37.16 62.84 10.66 0.9899

80 29.53 70.47 7.63 1.2196

; xc = 60.8429 cm 100 23.84 76.16 5.69 1.4339

200 9.34 90.66 14.50 2.3707
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8. Tanggal 9 Mei 2023 

 

9. Tanggal 10 Mei 2023 

 

10. Tanggal 24 Mei 2023 

 

Perhitungan fragmentasi metode kuz-ram dari rata-rata 10 kali peledakan 

= 60.5085 cm Screen Tertahan Lolos Fraksi,

size, cm ( R ), % ( P ), % %

  Indeks keseragaman fraksi (n): 2.5 91.41 8.59 0.00 0.0899

5 86.92 13.08 4.49 0.1401

10 80.37 19.63 6.55 0.2185

20 71.12 28.88 9.25 0.3408

n = 0.64107 40 58.77 41.23 12.35 0.5315

60 50.19 49.81 8.58 0.6893

80 43.65 56.35 6.54 0.8289

; xc = 107.215 cm 100 38.43 61.57 5.22 0.9563

200 22.51 77.49 15.92 1.4914
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
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 ;

= 41.045 cm Screen Tertahan Lolos Fraksi,

size, cm ( R ), % ( P ), % %

  Indeks keseragaman fraksi (n): 2.5 94.66 5.34 0.00 0.0549

5 90.23 9.77 4.43 0.1028

10 82.47 17.53 7.76 0.1927

20 69.68 30.32 12.79 0.3612

n = 0.90624 40 50.81 49.19 18.87 0.6770

60 37.62 62.38 13.19 0.9776

80 28.12 71.88 9.50 1.2688

; xc = 61.5182 cm 100 21.16 78.84 6.96 1.5532

200 5.44 94.56 15.72 2.9109
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= 68.0685 cm Screen Tertahan Lolos Fraksi,

size, cm ( R ), % ( P ), % %

  Indeks keseragaman fraksi (n): 2.5 74.64 25.36 0.00 0.2925

5 70.43 29.57 4.21 0.3505

10 65.70 34.30 4.73 0.4200

20 60.45 39.55 5.25 0.5033

n = 0.26107 40 54.71 45.29 5.74 0.6032

60 51.14 48.86 3.57 0.6705

80 48.54 51.46 2.60 0.7228

; xc = 277.337 cm 100 46.48 53.52 2.06 0.7662

200 39.92 60.08 6.56 0.9182
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Diketahui: Jumlah batuan/lubang ledak (Vo) 403,13 Bcm 

  Berat bahan peledak/lubang ledak (Qe) 77,40 kg 

  RWS bahan peledak ANFO (E) 100 

  Diameter (D) 200 mm 

  Burden (B) 6.94 m 

  Spacing (S) 8.37 m  

  Ratio s/b (A) 1,20 

  Kedalaman Lubang Ledak (H)  6.94 m 

  Panjang kolom isian (PC) 2.89 m 
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•Faktor Batuan (A) 

• Blastability Index (BI) = 0,5 × (RMD + JPS +JPO + SGI + H) 

    = 0,5 × (20 + 50 + 40 + 1,75 + 5,25) 

     = 58,5 

• Faktor Batuan   = 58,5 × 0,12 

    = 7,02  

• Fragmentasi dari rata-rata 10 kali peledakan  

- Rata-rata ukuran fragmentasinya adalah  

𝑥 = 𝐴 (
𝑉

𝑄
)

0,8

𝑥 𝑄0,17 𝑥 (
𝐸

115
)

−0,63

 

 

𝑥 = 7,02 (
403,13

77,40
)

0,8

𝑥 77,400,17 𝑥 (
100

115
)

−0,63

 

 

X= 59,86 

- Indeks keseragaman dari rata-rata 10 kali peledakan 

𝑛 =  (2,2 − 14 ×  
𝐵

𝐷
)  𝑥 (1 −  

𝑊

𝐵
) 𝑥 [(1 +  

𝑆𝐵 − 1

2
) ]  𝑋 (

𝑃𝐶

𝐻
) 

𝑛 =  (2,2 − 14 ×  
6.94

200
)  𝑥 (1 − 

0

6.94
) 𝑥 [(1 +  

1,20 − 1

2
) ]  𝑋 (

2.89

6.94
) 

n = 0.77 

- Nilai karakteristik ukuran dari rata-rata 10 kali peledakan 

𝑋𝑐 =  
𝑋

(0,693)1
𝑛⁄
 

𝑋𝑐 =  
59,86

(0,693)
1

0.77⁄
 

Xc = 96,55 

- Persentase ukuran fragmentasi hasil peledakan ≥10 cm. 

𝑅 = 𝑒
−(

𝑋

𝑋𝑐
)

𝑛

  

𝑅 = 2,71
−(

10
96,55

)
0,77

 

 

R = 0,8441 × 100% 

R = 84,41 % 

- Persentase ukuran fragmentasi hasil peledakan ≥ 20 cm. 

𝑅 = 𝑒
−(

𝑋

𝑋𝑐
)

𝑛
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𝑅 = 2,71
−(

20
96,55

)
0,77

 

 

R = 0,7414 × 100% 

R = 74,14 % 

- Persentase ukuran fragmentasi hasil peledakan ≥ 50 cm. 

𝑅 = 𝑒
−(

𝑋

𝑋𝑐
)

𝑛

  

𝑅 = 2,71
−(

50
96,55

)
0,77

 

 

R = 0,5498 × 100% 

R = 54,98 % 

- Persentase ukuran fragmentasi hasil peledakan ≥ 80 cm 

𝑅 = 𝑒
−(

𝑋

𝑋𝑐
)

𝑛

  

𝑅 = 2,71
−(

80
96,55

)
0,77

 

R = 0,4243 × 100% 

R = 42,43 % 

- Persentase ukuran fragmentasi hasil peledakan ≥100 cm 

𝑅 = 𝑒
−(

𝑋

𝑋𝑐
)

𝑛

  

𝑅 = 2,71
−(

100
96,55

)
0,77

 

R = 0,3617 × 100% 

R = 36,17 % 

- Persentase ukuran fragmentasi hasil peledakan 121 cm (1,21 m) 

𝑅 = 𝑒
−(

𝑋

𝑋𝑐
)

𝑛

  

𝑅 = 2,71
−(

121
96,55

)
0,77

 

R = 0,3053 × 100% 

R = 30,53 % 
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Lampiran 14. Perhitungan Geometri Peledakan Usulan Metode R.L.Ash 

Diketahui: 

 

 

 

 

 

 

 

a. Burden (B) 

- Mencari nilai burden menurut R.L.Ash digunakan persamaan sebagai berikut: 

 

B =  
𝐾𝑏 ×𝐷𝑒

12
 

- Faktor penyesuaian terhadap bahan peledak 

AF1 = 3√(
𝑆𝐺 𝑕𝑎𝑛𝑑𝑎𝑘 𝑥 (𝑉 𝑕𝑎𝑛𝑑𝑎𝑘)2

𝑆𝐺 𝑕𝑎𝑛𝑑𝑎𝑘 𝑠𝑡𝑑𝑥 (𝑉 𝑕𝑎𝑛𝑑𝑎𝑘 𝑠𝑡𝑑)2) 

= 3√(
0,85 𝑡𝑜𝑛/𝑚³ 𝑥 (11.100 𝑓𝑡/𝑠)2

1,2 𝑡𝑜𝑛/𝑚³ 𝑥 (12.000𝑓𝑡/𝑠)2 ) 

= 3√(
104.728.500

172.800.000
) 

=  0.85 

- Faktor penyesuaian terhadap kerapatan batuan 

AF2 = √(
𝑆𝐺 batuan std

𝑆𝐺 batuan
)

1

3
 

= √(
160 𝑙𝑏𝑠/𝐶𝑢𝑓𝑡

129,22596𝑙𝑏𝑠/𝐶𝑢𝑓𝑡
) 

= 1.07 

- Kb terkoreksi = Kbstd × AF1 × AF2 

  = 30 × 0,85 ×1,07 

  = 27.285 

B   = 
𝐾𝑏𝑡𝑒𝑟𝑘𝑜𝑟𝑒𝑘𝑠𝑖 ×𝐷𝑒

12
 

   = 
27,285 ×7,875

12
 

   = 17.905 ft 

   = 5,4 m (1 m= 3.281 ft, jadi 17.905 : 3,281) 

De= Diameter Lubang Ledak = 7,875 inchi 

D = Spesific Gravity Claydstone = 2,07 ton/m3 = 129,22596 lb/ft3 

Dstd = Spesific Gravity Standart = 160 lb/ft3 

B = Burden  

Kb = Burden Ratio  

Kbstd = Burden Ratio Standart = 30 

SG = Spesific Gravity Bahan Peledak = 0.85 

SGstd = Spesific Gravity Bahan Peledak Standart = 1,20 

Ve = VOD Handak Yang Dipakai = 3.383 m/s = 11.100 ft/s 

Vestd = VOD Handak Standart =3.657 m/s = 12.000 ft/s 
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b. Spacing (S) 

Nilai spacing ratio yang digunakan 1,2 

S  = Ks × B 

= 1,5 × 5,4 m 

= 8,1 m 

c. Stemming (T) 

Nilai stemming ratio yang digunakan 0,85 

T = Kt × B 

= 0,7 × 5,4 m 

= 3,8 m 

d. Subdrilling  

Nilai Subdrilling ratio yang digunakan 0,2 , pemakaian subdrilling diharapkan 

agar jumlah bongkah dapat dikurangi. 

J = Kj × B 

= 0,2 × 5,4 m 

= 1,1 m  

e. Kedalaman lubang ledak (H) 

Kedalaman lubang ledak berdasarkan rancangan dilapangan adalah 8 meter 

tanpa subdrilling  

f. Tinggi Jenjang (L) 

Berdasarkan kondisi dilapangan, tinggi jenjang yaitu sebesar 7,5 meter. 

Hjenjang  = H-J 

 = 8 – 1,1 

 = 6,9 m 

g. Panjang kolom isian (PC) 

PC = H-T 

= 8 – 3,8  

= 4,2 m 

h. Pemakaian Bahan Peledak  

de = 3,14 × 0,25 × D2 × SG bahan peledak × 1000 

= 3,14 × 0,25 × (0,2)2 × 0,85 × 1000 

= 26,69 kg/m 
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Q = De × PC 

= 26,69 × 4,2 

= 112 kg 

i. Batuan yang terbongkar per lubang ledak 

V = B × S × H    

= 5,4 m × 8,1 m × 8 m  

= 349,92  

j. Jumlah Powder Factor 

 = 112 kg / 349,92 Bcm 

 = 0,3 kg/m3 

Prediksi fragmentasi menurut metode R.L.ash 

•Faktor Batuan (A) 

• Blastability Index (BI) = 0,5 × (RMD + JPS +JPO + SGI + H) 

    = 0,5 × (20 + 50 + 40 + 1,75 + 5,25) 

     = 58,5 

• Faktor Batuan   = 58,5 × 0,12 

    = 7,02  

• Fragmentasi dari rata-rata 10 kali peledakan 

- Rata-rata ukuran fragmentasinya adalah  

𝑥 = 𝐴 (
𝑉

𝑄
)

0,8

𝑥 𝑄0,17 𝑥 (
𝐸

115
)

−0,63

 

 

𝑥 = 7,02 (
349,92

112
)

0,8

𝑥 1120,17 𝑥 (
100

115
)

−0,63

 

 

X= 42,44 

 

- Indeks keseragaman dari rata-rata 10 kali peledakan 

Diketahui: Jumlah batuan/lubang ledak (Vo) 349,92 Bcm 

  Berat bahan peledak/lubang ledak (Qe) 112 kg 

  RWS bahan peledak ANFO (E) 100 

  Diameter (D) 200 mm 

  Burden (B) 5,4 m 

  Spacing (S) 8,1 m  

  Ratio s/b (A) 1,5 

  Kedalaman Lubang Ledak (H)  8 m 

  Panjang kolom isian (PC) 4,2 m 
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𝑛 =  (2,2 − 14 ×  
𝐵

𝐷
)  𝑥 (1 −  

𝑊

𝐵
) 𝑥 [(1 +  

𝑆𝐵 − 1

2
) ]  𝑋 (

𝑃𝐶

𝐻
) 

𝑛 =  (2,2 − 14 ×  
5,4

200
)  𝑥 (1 −  

0

5,4
) 𝑥 [(1 +  

1,5 − 1

2
) ]  𝑋 (

4,2

8
) 

n = 1,19 

- Nilai karakteristik ukuran dari rata-rata 10 kali peledakan 

𝑋𝑐 =  
𝑋

(0,693)
1

𝑛⁄
 

𝑋𝑐 =  
42,44

(0,693)
1

1,19⁄
 

Xc = 58,13 

- Persentase ukuran fragmentasi hasil peledakan ≥10 cm. 

𝑅 = 𝑒
−(

𝑋

𝑋𝑐
)

𝑛

  

𝑅 = 2,71
−(

10
58,13

)
1,19

 

 

R = 0,8872 × 100% 

R = 88,72 % 

- Persentase ukuran fragmentasi hasil peledakan ≥ 20 cm. 

𝑅 = 𝑒
−(

𝑋

𝑋𝑐
)

𝑛

  

𝑅 = 2,71
−(

20
58,13

)
1,19

 

   

R = 0,7564 × 100% 

R = 75,64 % 

- Persentase ukuran fragmentasi hasil peledakan ≥ 50 cm. 

𝑅 = 𝑒
−(

𝑋

𝑋𝑐
)

𝑛

  

𝑅 = 2,71
−(

50
58,13

)
1,19

 

 

R = 0,4371 × 100% 

R = 43,71 % 

- Persentase ukuran fragmentasi hasil peledakan ≥ 80 cm 

𝑅 = 𝑒
−(

𝑋

𝑋𝑐
)

𝑛

  

𝑅 = 2,71
−(

80
58,13

)
1,19

 

R = 0,2332 × 100% 
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R = 23,32 % 

- Persentase ukuran fragmentasi hasil peledakan ≥100 cm 

𝑅 = 𝑒
−(

𝑋

𝑋𝑐
)

𝑛

  

𝑅 = 2,71
−(

100
58,13

)
1,19

 

R = 0,1504 × 100% 

R = 15,04 % 

- Persentase ukuran fragmentasi hasil peledakan 1,21 m 

𝑅 = 𝑒
−(

𝑋

𝑋𝑐
)

𝑛

  

𝑅 = 2,71
−(

121
58,13

)
1,19

 

R = 0,0913 × 100% 

R = 9,13 % 

 

Dari persamaan yang diambil dari gambar 41 diatas dilakukan 

perhitungan dengan menggunakan ukuran rata-rata prediksi fragmentasi 

dan rata-rata prediksi nilai karakteristik ukuran dari geometri usulan 

R.L.Ash, sehingga didapatkan nilai x dari geometri usulan R.L.ash yaitu  31 

cm, kemudian nilai x tersebut dimasukkan pada persamaan diatas, maka 

didapatkan: 

Digging time : 

Y = 0,1476x + 8,1655 

Y = 0,1476 (31) + 8,1655 

Y = 4,5756 + 8,1655 

Y = 12,74 detik 
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Lampiran 15. Swell Factor 

Macam Material Swell 

Factor 

Bauksit 0,75 

Tanah liat, kering 0,85 

Tanah liat, basah 0,80-0,82 

Batubara (antrasit –bituminus) 0,74 

BijihTembaga 0,74 

Tanah Biasa, kering 0,85 

Tanah biasa, basah 0,85 

Tanah biasabercampurkerikil 0,90 

Kerikilkering 0,89 

Kerikilbasah 0,88 

Granit, pecah-pecah 0,56-0,67 

Hematite, pecah-pecah 0,45 

Bijihbesi, pecah-pecah 0,45 

Batukapur, pecah-pecah 0,57-0,60 

Lumpur 0,83 

Lumpur, sudahditekan 0,83 

Pasirkering 0,89 

Pasirbasah 0,88 

Serpih (shale) 0,75 
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Lampiran 16. Fill Factor 

No  Material  Fill Factor  

1  Tanah Lempung, lempung kepasiran  100-110%  

2  Pasir atau kerikil   95-100%  

3  Lempung keras, tanah keras  80-90%  

4  Batu pecah baik  65-75%  

5  Batu pecah jelek   40-50%  

 

  



104 

Lampiran 17. Cycle Time Alat Gali Muat Shovel PC 3000 

a. Tanggal 12 April 2023 

Digging time Swing isi Dumping Swing kosong Cycle 

Time 

15.84 12.46 5.83 6.93 41.06 

18.12 8.45 6.73 10.28 43.58 

14.26 4.73 9.68 7.75 36.42 

14.44 6.32 6.89 10.92 38.57 

17.27 7.13 5.51 7.08 36.99 

12.08 8.62 3.95 9.62 34.27 

17.34 7.13 2.78 7.76 35.01 

16.52 5.28 6.66 6.61 35.07 

16.21 4.17 3.74 9.25 33.37 

13.04 6.17 5.00 7.11 31.32 

13.48 6.19 5.54 6.82 32.03 

14.12 5.37 5.78 7.12 32.39 

14.69 4.87 5.92 7.14 32.62 

12.26 4.08 5.28 4.00 25.62 

13.41 5.01 4.42 5.11 27.95 

11.42 18.11 6.31 9.93 45.77 

22.23 6.53 4.70 6.96 40.42 

21.44 5.17 5.22 6.78 38.61 

21.44 5.17 5.22 6.78 38.61 

18.82 7.47 5.23 8.67 40.19 

14.09 6.91 5.61 7.84 34.45 

13.03 8.46 4.52 7.41 33.42 

13.02 6.43 6.72 6.72 32.89 

14.28 8.14 8.03 8.51 38.96 

13.70 3.13 5.63 7.37 29.83 

12.24 5.52 4.61 5.39 27.76 

15.11 4.65 5.31 7.93 33.00 

12.12 4.78 3.04 6.71 26.65 

13.45 5.56 4.26 5.41 28.68 

14.32 6.73 5.73 7.75 34.53 

15.13 6.62 5.46 7.46 34.67 
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b. Tanggal 16 April 2023 

Digging time Swing isi Dumping Swing kosong Cycle 

Time 

13.14 5.78 5.56 5.89 30.37 

11.87 5.10 8.70 4.12 29.79 

9.08 4.31 5.30 4.16 22.85 

13.45 7.52 5.11 6.17 32.25 

12.89 6.90 6.89 5.81 32.49 

16.70 6.17 6.70 6.18 35.75 

11.56 4.55 7.55 6.13 29.79 

10.54 7.45 5.10 6.70 29.79 

9.66 7.89 5.23 4.32 27.10 

13.62 6.70 6.11 4.67 31.10 

12.89 4.56 4.95 5.89 28.29 

12.34 8.90 7.40 6.59 35.23 

12.25 5.60 5.30 5.12 28.27 

12.81 9.13 6.55 4.34 32.83 

13.78 12.76 6.98 6.23 39.75 

15.90 8.80 5.03 4.67 34.40 

13.87 5.23 6.70 5.61 31.41 

11.88 6.12 6.12 5.32 29.44 

11.31 5.11 6.82 4.13 27.37 

19.67 7.31 6.63 4.10 37.71 

13.70 6.28 5.24 6.97 32.19 

13.78 5.23 6.78 6.87 32.66 

12.08 6.70 5.23 5.23 29.24 

14.89 8.11 6.53 5.33 34.86 

13.69 7.45 5.44 5.10 31.68 

12.80 6.98 5.91 4.57 30.26 

14.67 5.60 5.67 4.20 30.14 

15.09 6.33 6.70 5.02 33.14 

16.70 6.56 6.40 4.56 34.22 

15.70 6.79 7.89 6.17 36.55 

13.41 6.73 6.22 5.34 31.70 

 

 



106 

c. Tanggal 18 April 2023 

Digging time Swing isi Dumping Swing kosong Cycle 

time 

14.32 6.31 6.00 4.00 30.63 

11.34 7.12 6.72 5.60 30.78 

13.03 6.34 5.66 5.12 30.15 

15.23 6.89 6.12 7.45 35.69 

13.45 6.90 6.78 5.88 33.01 

15.12 9.12 6.90 5.90 37.04 

13.80 14.32 5.67 6.78 40.57 

13.69 7.45 6.12 7.31 34.57 

13.78 6.24 7.05 6.03 33.10 

15.76 10.12 5.09 6.11 37.08 

12.34 10.23 10.32 7.12 40.01 

13.21 6.45 7.98 8.54 36.18 

12.40 6.60 6.57 5.32 30.89 

14.56 7.13 6.46 5.34 33.49 

14.57 14.78 8.31 5.09 42.75 

15.11 7.80 8.24 7.14 38.29 

15.43 6.28 10.78 6.15 38.64 

13.23 7.20 5.89 6.20 32.52 

13.90 6.30 7.31 5.18 32.69 

13.23 6.41 7.08 7.88 34.60 

15.33 7.26 7.41 8.06 38.06 

15.24 6.98 11.90 5.79 39.91 

13.24 9.17 5.08 7.54 35.03 

13.76 7.10 5.21 6.80 32.87 

11.02 8.44 5.56 6.15 31.17 

13.21 7.25 8.73 8.34 37.53 

15.32 6.48 7.56 5.19 34.55 

15.09 6.18 8.81 6.12 36.20 

12.56 9.17 7.50 5.10 34.33 

13.23 7.31 9.45 5.27 35.26 

13.85 7.84 7.28 6.28 35.25 
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d. Tanggal 19 April 2023 

Digging time Swing isi Dumping  Swing kosong Cycle 

time 

17.89 4.16 6.66 4.79 33.50 

18.21 7.69 7.50 5.22 38.62 

18.12 5.21 6.60 5.26 35.19 

18.37 6.42 5.12 7.27 37.18 

16.88 5.80 7.91 6.91 37.50 

17.70 5.27 6.80 7.28 37.05 

15.45 6.75 8.85 7.31 38.36 

19.76 4.55 6.15 5.08 35.54 

16.20 6.78 6.33 5.23 34.54 

18.56 5.60 7.21 5.76 37.13 

18.75 13.45 5.05 6.05 43.30 

19.78 4.70 8.50 7.95 40.93 

17.41 6.40 6.33 6.24 36.38 

16.87 4.30 7.92 5.89 34.98 

18.10 11.55 8.02 8.90 46.57 

16.49 6.89 6.13 7.88 37.39 

17.50 6.89 7.40 6.23 38.02 

18.30 8.13 7.22 7.54 41.19 

20.53 6.11 7.92 6.30 40.86 

15.68 6.21 7.73 6.80 36.42 

19.54 5.38 6.34 8.25 39.51 

18.34 6.34 7.88 8.80 41.36 

19.30 12.56 6.33 7.69 45.88 

20.11 6.27 7.63 5.69 39.70 

18.79 6.54 6.54 5.10 36.97 

18.90 7.34 7.01 4.30 37.55 

17.60 7.21 6.77 3.97 35.55 

20.67 5.60 7.80 4.93 39.00 

18.35 5.35 7.50 4.60 35.80 

15.30 7.34 8.02 6.44 37.10 

18.12 6.76 7.11 6.32 38.30 
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e. Tanggal 27 April 2023 

Digging time Swing isi Dumping  Swing kosong Cycle 

time 

16.76 5.12 6.70 4.30 32.88 

13.20 8.97 4.23 5.43 31.83 

14.56 4.11 10.31 6.78 35.76 

12.56 5.26 6.39 5.60 29.81 

13.45 4.08 5.67 5.22 28.42 

16.30 4.37 4.22 6.73 31.62 

15.32 5.98 7.34 4.31 32.95 

16.23 5.65 7.12 7.93 36.93 

20.79 7.89 3.28 6.89 38.85 

12.45 6.40 4.67 6.44 29.96 

15.66 12.83 4.79 5.34 38.62 

16.89 5.80 6.41 7.56 36.66 

22.91 5.33 5.10 5.33 38.67 

13.60 4.78 6.45 6.75 31.58 

13.67 9.56 7.26 7.34 37.83 

15.40 5.90 11.22 5.62 38.14 

13.23 7.44 6.33 5.33 32.33 

13.09 7.91 5.46 7.45 33.91 

14.67 7.24 7.30 5.46 34.67 

14.89 7.31 7.11 5.01 34.32 

21.33 6.23 5.43 7.20 40.19 

13.86 5.02 12.90 7.13 38.91 

14.09 11.33 5.69 6.36 37.47 

14.56 7.42 6.89 4.56 33.43 

13.65 5.34 5.23 6.57 30.79 

12.43 6.22 5.03 8.90 32.58 

14.55 8.35 5.89 6.76 35.55 

15.79 6.78 3.29 4.51 30.37 

13.32 8.95 8.39 6.70 37.36 

17.90 6.75 10.32 5.66 40.63 

15.24 6.81 6.55 6.17 34.77 
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f. Tanggal 4 mei 2023 

Digging time Swing isi Dumping  Swing kosong Cycle 

time 

20.15 5.47 5.87 4.11 35.60 

16.87 6.76 5.46 5.62 34.71 

19.56 7.81 6.49 5.66 39.52 

20.17 8.45 5.84 6.49 40.95 

19.31 8.59 6.69 5.09 39.68 

20.77 5.03 5.31 5.89 37.00 

19.16 5.82 7.11 6.47 38.56 

18.22 5.80 6.79 6.90 37.71 

18.54 6.57 6.11 4.61 35.83 

21.34 5.74 5.38 5.33 37.79 

21.44 7.49 5.14 6.59 40.66 

21.92 6.41 7.75 5.82 41.90 

21.11 6.87 5.29 6.48 39.75 

20.86 5.41 6.59 7.59 40.45 

19.20 6.55 5.67 6.72 38.14 

18.43 5.41 7.11 5.88 36.83 

17.53 5.62 5.86 4.30 33.31 

20.22 6.46 5.44 6.09 38.21 

16.39 6.73 6.37 5.60 35.09 

19.50 6.57 5.71 5.71 37.49 

16.55 6.71 5.48 6.82 35.56 

18.94 5.09 7.07 6.49 37.59 

19.53 9.57 5.41 6.01 40.52 

19.71 6.49 5.70 5.47 37.37 

14.69 7.31 5.11 6.53 33.64 

15.78 6.89 6.06 6.51 35.24 

16.52 5.79 5.33 7.45 35.09 

18.83 5.98 6.82 6.59 38.22 

18.03 7.75 6.71 7.48 39.97 

16.75 6.88 7.55 5.31 36.49 

18.87 6.60 6.11 6.05 37.63 
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Tanggal 7 Mei 2023 

Digging time Swing isi Dumping  Swing kosong Cycle 

time 

14.80 4.80 5.15 5.21 29.96 

16.38 5.62 6.17 6.95 35.12 

16.21 6.51 6.23 7.28 36.23 

13.52 4.28 4.81 5.96 28.57 

14.95 7.28 7.80 6.00 36.03 

10.98 4.46 8.23 6.33 30.00 

15.31 6.56 7.82 6.29 35.98 

19.07 5.93 4.63 4.90 34.53 

15.19 5.39 4.97 4.18 29.73 

14.39 4.88 7.27 5.20 31.74 

15.71 4.15 7.68 5.20 32.74 

16.34 5.72 6.19 5.32 33.57 

12.03 4.61 8.38 6.26 31.28 

12.61 6.98 4.49 4.92 29.00 

13.01 5.98 5.53 5.71 30.23 

15.09 8.11 7.90 5.06 36.16 

13.58 7.87 7.14 4.77 33.36 

12.65 11.60 8.53 5.32 38.10 

15.67 5.98 6.28 6.58 34.51 

14.03 10.15 6.43 5.82 36.43 

12.60 5.93 11.66 6.80 36.99 

16.80 7.08 5.27 5.20 34.35 

14.67 4.62 8.58 9.45 37.32 

14.03 6.87 4.22 6.31 31.43 

15.29 5.07 3.77 5.89 30.02 

13.40 4.78 3.53 7.61 29.32 

12.51 5.99 4.81 6.66 29.97 

14.40 4.27 3.45 7.33 29.45 

15.20 7.46 4.58 6.68 33.92 

14.45 6.12 6.47 5.90 32.94 

14.50 6.17 6.27 6.04 32.97 

 

 

 



111 

g. Tanggal 9 Mei 2023 

Digging time Swing isi Dumping  Swing kosong Cycle 

time 

17.50 7.51 7.74 8.36 41.11 

16.13 5.79 5.40 7.45 34.77 

17.19 6.41 5.64 6.86 36.10 

15.25 6.26 6.12 6.82 34.45 

19.31 8.06 5.25 6.34 38.96 

18.87 6.80 6.00 6.08 37.75 

19.90 7.24 5.69 5.61 38.44 

17.46 5.45 5.48 6.33 34.72 

19.25 8.97 8.27 7.94 44.43 

18.71 7.82 5.24 7.64 39.41 

19.72 6.74 5.50 6.14 38.10 

14.77 6.74 5.31 7.39 34.21 

12.98 5.87 6.86 6.50 32.21 

15.56 6.32 5.60 5.72 33.20 

18.74 6.28 7.16 5.79 37.97 

15.03 8.84 5.09 5.60 34.56 

17.08 5.34 8.27 7.27 37.96 

17.57 5.77 6.97 7.28 37.59 

17.65 5.52 7.17 5.28 35.62 

15.13 5.60 5.38 7.91 34.02 

16.77 6.46 5.44 6.25 34.92 

17.03 7.29 5.74 7.23 37.29 

17.26 5.44 6.22 6.15 35.07 

18.38 7.50 5.51 7.14 38.53 

15.70 7.19 6.63 10.50 40.02 

16.79 14.52 7.61 6.40 45.32 

15.11 7.65 8.31 6.93 38.00 

16.12 7.78 7.04 6.59 37.53 

17.45 6.04 5.26 6.41 35.16 

15.98 8.31 5.21 7.24 36.74 

17.01 7.05 6.24 6.84 37.14 
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i. Tanggal 10 Mei 2023 

Digging time Swing isi Dumping  Swing kosong Cycle 

time 

10.44 8.47 6.18 4.34 29.43 

14.40 5.02 7.02 5.96 32.40 

15.70 6.78 6.08 5.14 33.70 

13.03 3.90 7.14 4.54 28.61 

16.75 8.22 9.08 4.24 38.29 

18.95 4.64 5.33 6.93 35.85 

17.35 5.18 7.64 6.33 36.50 

16.70 3.36 7.45 5.76 33.27 

10.93 14.68 6.21 3.84 35.66 

19.53 4.97 9.27 6.69 40.46 

13.22 5.81 7.16 5.93 32.12 

13.82 5.07 7.30 5.58 31.77 

17.52 7.96 8.82 4.90 39.20 

16.80 6.02 8.82 6.40 38.04 

15.20 5.94 7.30 6.53 34.97 

15.12 4.20 9.92 5.12 34.36 

13.69 8.78 10.69 4.97 38.13 

13.78 9.54 2.27 7.61 33.20 

14.54 5.40 7.62 5.63 33.19 

18.42 5.28 7.39 7.55 38.64 

15.02 8.46 8.93 4.73 37.14 

16.07 4.51 7.00 7.04 34.62 

16.16 4.11 7.07 6.02 33.36 

14.10 4.09 6.97 4.47 29.63 

17.48 15.05 14.51 7.79 54.83 

14.47 8.29 7.31 7.32 37.39 

10.44 6.53 7.95 11.58 36.50 

13.81 6.53 6.99 5.07 32.40 

10.15 17.21 15.65 6.42 49.43 

18.75 7.39 5.89 3.84 35.87 

15.08 7.05 7.90 5.94 35.97 
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j. Tanggal 24 Mei 2023 

Digging time Swing isi Dumping  Swing kosong Cycle 

time 

12.81 14.40 6.02 4.84 38.07 

10.75 5.35 5.47 5.68 27.25 

18.62 7.51 6.56 4.88 37.57 

11.92 4.14 6.39 8.02 30.47 

14.34 9.57 4.82 3.49 32.22 

19.94 7.82 4.00 5.40 37.16 

10.84 3.46 6.79 7.02 28.11 

15.48 16.74 6.89 4.82 43.93 

10.88 5.54 4.72 3.52 24.66 

15.10 4.75 6.63 4.94 31.42 

11.35 5.26 6.39 7.03 30.03 

13.62 6.76 8.01 4.83 33.22 

13.03 4.87 7.11 4.82 29.83 

12.30 5.29 6.47 5.27 29.33 

13.26 4.87 6.44 6.31 30.88 

15.94 12.68 6.07 5.85 40.54 

10.23 7.03 5.88 5.27 28.41 

13.68 4.39 6.36 5.32 29.75 

15.70 22.82 6.56 6.63 51.71 

15.23 9.31 9.84 4.48 38.86 

13.52 4.62 8.89 5.23 32.26 

10.14 4.17 8.07 4.73 27.11 

19.49 3.82 4.74 4.46 32.51 

11.02 4.00 5.19 5.52 25.73 

22.89 3.67 4.60 4.46 35.62 

14.32 4.54 5.55 4.66 29.07 

16.06 5.96 5.99 5.21 33.22 

10.53 16.06 5.75 5.72 38.06 

13.71 3.39 5.87 5.91 28.88 

13.97 7.29 6.20 5.45 32.91 

14.02 7.34 6.28 5.33 32.96 


