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A Study on Application of Kuz-Ram model to Domestic
Open-pit Limestone Mine

Seung-Joong Lee, Byung-Ryeol Kim, Sung-Oong Choi*, Yeon-Ho Jin,
Min-Su Jung, Hyung-Dong Min

Abstract Considering the applicability of Kuz-Ram model, which has been used extensively for predicting rock
fragmentation size distribution by blasting, to domestic open-pit limestone mine, a total of 21 blasting tests have
been executed at an open-pit limestone mine in eastern Gangwon of South Korea. A comparative analysis of field
measured value and Kuz-Ram predicted value showed that there are a considerable amount of error in the predicted
values regardless of application of various correction parameters for rock factor and uniformity factor; up to 56.45%
in mean fragmentation size and 37.52% in uniformity index. Also the problem of applying different correction
parameters has been derived even though a similar blasting pattern has been adopted for a same blasting bench.
The authors therefore suggest that Kuz-Ram model needs to be modified for a proper application to domestic open-pit
limestone mine.
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Table 1. Modified rock factor (4) by Cunningham (2005)

Parameter Description Value
Powdery/friable 10
RMD Massive formation 50
Vertically jointed JF
Tight joints 1.0
JCF Relaxed joints 1.5
Gouge = filled joint 2.0
Joint spacing < 0.1 m 10
r Joint spacing = 0.1~0.3 m 20
(= JCFx JPS JPS Joint spacing = 0.3 m~95% to P 80
+JP4) Joint spacing > P 50
P=(Bx38)" r
Dip out of face 40
JPA Strike out of face 30
Dip into face 20
RDI RDI=25x5G—50 RDI
If £ <50 E/3
m If £>50 Uucs/s

RMD: Rock mass description, JF: Joint factor, JCF: Joint condition factor, JPS: Joint plane spacing, JPA: Joint plane
angle, P: Reduced pattern(m), B: Burden(m), S: Spacing(m), RDI: Rock density influence, SG: Specific gravity of rock,
HF: Hardness factor, £ : Young’s modulus of intact rock (GPa), UCS: Uniaxial compressive strength of intact rock (MPa).
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Before blasting test

— Field measurement of joint
distribution patterns

— Magnitude survey of test
blasting bench

Blasting test

— Drilling
— Charging
— Blasting

After blasting test

— Fragmentation analysis using
image processing technique

Fig. 2. Process of field survey and blasting test
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Table 2. Applied blasting pattern

Blast No. | D B S H SD DL SL L HN | Cow | Vi K T
1 102 4.0 4.9 17.0 3.0 20.0 5.5 14.5 9 1,332.912,998.8 | 0.444 4
2 102 3.9 4.8 16.0 3.0 19.0 5.5 13.5 9 1,241.0{2,695.7 | 0.460 8
3 102 4.0 4.7 16.0 3.0 19.0 5.5 13.5 9 1,241.0(2,707.2 | 0.458 12
4 102 3.8 4.9 16.5 3.0 19.5 5.5 14.0 9 1,287.0(2,765.1 | 0.465 16
5 102 4.1 5.0 17.0 3.0 20.0 5.5 14.5 9 1,332.9(3,136.5| 0.425 20
6 102 3.9 4.9 16.0 3.0 19.0 5.5 13.5 9 1,241.0(2,751.8 | 0.451 28
7 102 3.7 4.7 16.0 3.0 19.0 5.5 13.5 9 1,241.0(2,504.2 | 0.496 40
8 102 4.0 5.0 17.0 3.0 20.0 5.5 14.5 9 1,332.9(3,060.0 | 0.436 4
9 102 3.7 4.7 16.0 3.0 19.0 5.5 13.5 9 1,241.0(2,504.2 | 0.496 8
10 102 3.6 4.8 16.0 3.0 19.0 5.5 13.5 9 1,241.0{2,488.3 | 0.499 12
11 102 4.1 4.9 16.4 3.0 19.4 5.5 13.9 9 1,277.812,965.3 | 0.431 16
12 102 3.8 4.8 15.0 3.0 18.0 5.5 12.5 9 1,149.1(2,462.4 | 0.467 20
13 102 4.2 4.8 16.8 3.0 19.8 5.5 14.3 9 1,314.6 | 3,048.2 | 0.431 28
14 102 3.9 4.9 16.0 3.0 19.0 5.5 13.5 9 1,241.0(2,751.8 | 0.451 40
15 102 4.1 4.8 15.0 3.0 18.0 5.5 12.5 9 1,149.1]2,656.8 | 0.433 4
16 102 4.0 4.9 15.0 3.0 18.0 5.5 12.5 9 1,149.1|2,646.0 | 0.434 8
17 102 4.0 4.6 14.0 3.0 17.0 5.5 11.5 9 1,057.212,318.4| 0.456 12
18 102 4.2 4.8 14.0 3.0 17.0 5.5 11.5 9 1,057.212,540.2 | 0.416 16
19 102 4.0 4.9 14.0 3.0 17.0 5.5 11.5 9 1,057.2(2,469.6 | 0.428 20
20 102 4.0 4.7 12.0 3.0 15.0 5.5 9.5 9 873.3 [2,030.4| 0.430 28
21 102 3.9 4.9 14.0 3.0 17.0 5.5 11.5 9 1,057.212,407.9| 0.439 40

D: Hole diameter (mm), B: Burden (m), S: Spacing (m), #: Height (m), SD: Sub-drilling (m), DL: Drilling length (m),

SL: Stemming length (m), Z: Charge length (m), ZV: Number of holes, ( ,,: Total charge weight (kg) V;,,,: Total rock
volume (m3), K: Powder factor (kg/ms), 7. Delay time (ms).
Table 3. Joint distribution patterns and results of image processing
Blast Delay Joint distribution patterns (set-1) Results of image processing
No. time (ms) Spacing (m) Dip (°) Dip direction (°) Xomo n,y
1 4 0.15 32 317 40.01 1.682
2 8 0.17 80 318 39.77 1.656
3 12 0.15 61 321 31.80 1.467
4 16 0.14 80 311 39.07 1.611
5 20 0.13 32 312 51.28 1.481
6 28 0.17 77 258 36.00 1.308
7 40 0.20 62 237 39.11 1.382
8 0.17 61 237 31.04 1.576
9 8 0.16 71 353 39.97 1.522
10 12 0.14 71 351 39.92 1.530
11 16 0.16 77 330 36.63 1.509
12 20 0.17 74 321 29.89 1.435
13 28 0.17 75 320 36.06 1.659
14 40 0.53 72 325 37.68 1.371
15 0.28 72 330 44.83 1.467
16 8 0.58 76 322 37.03 1.474
17 12 0.30 67 327 44.50 1.437
18 16 0.32 80 53 41.75 1.813
19 20 0.58 79 325 35.36 1.333
20 28 0.42 76 320 39.12 1.401
21 40 0.38 37 249 33.95 1.573

X,so: Measured Xy (cm), n,: Analyzed n (uniformity index).
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Table 4. Estimated rock factor (4) by Kuz-Ram model (°05)
Blast Intact rock Joint
RMD | JPS JPA JF RDI HF A

No. SG E ves |, Jp Jop | Fpp
1 2.74 | 58.50 | 82.00 | 0.15 32 317 224 | 48.75 | 12.50 | 30 | 48.75 | 18.50 | 16.40 | 5.02
2 2.74 | 58.50 | 82.00 | 0.17 30 318 224 | 50.25 | 13.50 | 30 | 50.25 | 18.50 | 16.40 | 5.11
3 2.74 | 58.50 | 82.00 | 0.15 61 321 218 | 48.75 | 12.50 | 30 | 48.75 | 18.50 | 16.40 | 5.02
4 2.74 | 58.50 | 82.00 | 0.14 30 311 220 | 48.00 | 12.00 | 30 | 48.00 | 18.50 | 16.40 | 4.97
5 2.74 | 58.50 | 82.00 | 0.13 32 312 220 | 47.25 | 11.50 | 30 | 47.25| 18.50 | 16.40 | 4.93
6 2.74 | 58.50 | 82.00 | 0.17 77 258 218 | 50.25 | 13.50 | 30 | 50.25 | 18.50 | 16.40 | 5.11
7 2.74 | 58.50 | 82.00 | 0.20 62 237 210 | 52.50 | 15.00 | 30 | 52.50 | 18.50 | 16.40 | 5.24
8 2.74 | 58.50 | 82.00 | 0.17 61 237 210 | 50.25 | 13.50 | 30 | 50.25 | 18.50 | 16.40 | 5.11
9 2.74 | 58.50 | 82.00 | 0.16 71 353 230 | 49.50 | 13.00 | 30 | 49.50 | 18.50 | 16.40 | 5.06
10 2.74 | 58.50 | 82.00 | 0.14 71 351 243 | 48.00 | 12.00 | 30 | 48.00 | 18.50 | 16.40 | 4.97
11 2.74 | 58.50 | 82.00 | 0.16 77 330 225 | 49.50 | 13.00 | 30 | 49.50 | 18.50 | 16.40 | 5.06
12 2.74 | 58.50 | 82.00 | 0.17 74 321 230 | 50.25 | 13.50 | 30 | 50.25 | 18.50 | 16.40 | 5.11
13 2.74 | 58.50 | 82.00 | 0.17 75 320 220 | 50.25 [ 13.50 | 30 | 50.25 | 18.50 | 16.40 | 5.11
14 2.74 | 58.50 | 82.00 | 0.53 72 325 225 | 64.50 | 23.00 | 30 | 64.50 | 18.50 | 16.40 | 5.96
15 2.74 | 58.50 | 82.00 | 0.28 72 330 200 | 58.50 | 19.00 | 30 | 58.50 | 18.50 | 16.40 | 5.60
16 2.74 | 58.50 | 82.00 | 0.58 76 322 210 | 64.09 | 22.73 | 30 | 64.09 | 18.50 | 16.40 | 5.94
17 2.74 | 58.50 | 82.00 | 0.30 67 327 202 | 60.00 | 20.00 | 30 | 60.00 | 18.50 | 16.40 | 5.69
18 2.74 | 58.50 | 82.00 | 0.32 80 53 225 | 60.00 | 20.00 | 30 | 60.00 | 18.50 | 16.40 | 5.69
19 2.74 | 58.50 | 82.00 | 0.58 79 325 224 | 64.50 | 23.00 | 30 | 64.50 | 18.50 | 16.40 | 5.96
20 2.74 | 58.50 | 82.00 | 0.42 76 320 218 | 62.05 | 21.36 | 30 | 62.05 | 18.50 | 16.40 | 5.82
21 2.74 | 58.50 | 82.00 | 0.38 37 249 218 | 60.00 | 20.00 | 30 | 60.00 | 18.50 | 16.40 | 5.69

SG: Specific gravity of rock, £: Young’s modulus of intact rock (GPa), UCS
Jg Joint spacing (cm), J,,: Joint dip (°), J,,,: Joint dip direction (°), #,,,: Face dip direction (°), ZA/D: Rock mass description, JP.S:
Joint plane spacing, JPA: Joint plane angle, JF: Joint factor, RD/: Rock density influence, #ZF: Hardness factor, A: Rock factor.

Table 5. Estimated results of X, by Kuz-Ram model (’05)

: Uniaxial compressive strength of intact rock (MPa),

Blast

Kuz-Ram model

T7/B .

No. A T C, B T A, K Q RWS | C(A) X0
1 1.00 5.02 4 4.87 4.0 12.81 1.61 0.444 148 1.045 1 37.19
2 2.05 5.11 8 4.87 3.9 12.49 1.21 0.460 138 1.045 1 27.22
3 3.00 5.02 12 4.87 4.0 12.81 1.05 0.458 138 1.045 1 23.28
4 4.21 4.97 16 4.87 3.8 12.17 0.93 0.465 143 1.045 1 20.38
5 4.88 4.93 20 4.87 4.1 13.13 0.95 0.425 148 1.045 1 22.33
6 7.18 5.11 28 4.87 3.9 12.49 1.02 0.451 138 1.045 1 23.46
7 10.81 5.24 40 4.87 3.7 11.85 1.14 0.496 138 1.045 1 24.80
8 1.00 5.11 4 4.87 4.0 12.81 1.61 0.436 148 1.045 1 38.47
9 2.16 5.06 8 4.87 3.7 11.85 1.18 0.496 138 1.045 1 24.79
10 3.33 4.97 12 4.87 3.6 11.53 0.90 0.499 138 1.045 1 18.60
11 3.90 5.06 16 4.87 4.1 13.13 0.92 0.431 142 1.045 1 21.81
12 5.26 5.11 20 4.87 3.8 12.17 0.96 0.467 128 1.045 1 21.22
13 6.67 5.11 28 4.87 4.2 13.45 1.01 0.431 146 1.045 1 24.16
14 10.26 5.96 40 4.87 3.9 12.49 1.12 0.451 138 1.045 1 29.95
15 0.98 5.60 4 4.87 4.1 13.13 1.63 0.433 128 1.045 1 41.69
16 2.00 5.94 8 4.87 4.0 12.81 1.22 0.434 128 1.045 1 33.15
17 3.00 5.69 12 4.87 4.0 12.81 1.05 0.456 117 1.045 1 25.83
18 3.81 5.69 16 4.87 4.2 13.45 0.92 0.416 117 1.045 1 24.36
19 5.00 5.96 20 4.87 4.0 12.81 0.96 0.428 117 1.045 1 25.95
20 7.00 5.82 28 4.87 4.0 12.81 1.02 0.430 97 1.045 1 26.02
21 10.26 5.69 40 4.87 3.9 12.49 1.12 0.439 117 1.045 1 28.45

7/ B: Delay time per burden(ms/m), A:

Rock factor, 7: Delay time(ms), C,: Longitudinal velocity(km/sec), B: Burden(m),

Thax: Delay time for maximum fragmentation(ms), 4,: Timing factor, A: Powder factor(kg/m3), @Q: Charge weight per hole(kg),

max*

RWS: Relative weight strength, C(A4): Correction factor to rock factor, X,y,: Estimated X,, by Kuz-Ram model(cm).
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Table 6. Estimated results of n by Kuz-Ram model (’05)

Blast Kuz-Ram model
T/B
No. T o, R, n, B D S E, L H C(n) Ny
1 1.00 4 0.004 | 0.006 | 1.205 4.0 102 4.9 0.01 14.5 17.0 1 1.097
2 2.05 8 0.008 | 0.006 | 1.205 3.9 102 4.8 0.01 13.5 16.0 1 1.114
3 3.00 12 0.012 | 0.006 | 1.205 4.0 102 4.7 0.01 13.5 16.0 1 1.081
4 421 16 0.016 | 0.006 | 1.205 3.8 102 4.9 0.01 14.0 16.5 1 1.150
5 4.88 20 0.020 | 0.006 | 1.205 4.1 102 5.0 0.01 14.5 17.0 1 1.076
6 7.18 28 0.028 | 0.006 | 1.205 3.9 102 4.9 0.01 13.5 16.0 1 1.120
7 10.81 40 0.040 | 0.006 | 1.205 3.7 102 4.7 0.01 13.5 16.0 1 1.162
8 1.00 4 0.004 | 0.006 | 1.205 4.0 102 5.0 0.01 14.5 17.0 1 1.103
9 2.16 8 0.008 | 0.006 | 1.205 3.7 102 4.7 0.01 13.5 16.0 1 1.162
10 3.33 12 0.012 | 0.006 | 1.205 3.6 102 4.8 0.01 13.5 16.0 1 1.196
11 3.90 16 0.016 | 0.006 | 1.205 4.1 102 4.9 0.01 13.9 16.4 1 1.068
12 5.26 20 0.020 | 0.006 | 1.205 3.8 102 4.8 0.01 12.5 15.0 1 1.137
13 6.67 28 0.028 | 0.006 | 1.205 4.2 102 4.8 0.01 14.3 16.8 1 1.037
14 10.26 40 0.040 | 0.006 | 1.205 3.9 102 4.9 0.01 13.5 16.0 1 1.120
15 0.98 0.004 | 0.006 | 1.205 4.1 102 4.8 0.01 12.5 15.0 1 1.056
16 2.00 8 0.008 | 0.006 | 1.205 4.0 102 4.9 0.01 12.5 15.0 1 1.089
17 3.00 12 0.012 | 0.006 | 1.205 4.0 102 4.6 0.01 11.5 14.0 1 1.066
18 3.81 16 0.016 | 0.006 | 1.205 4.2 102 4.8 0.01 11.5 14.0 1 1.026
19 5.00 20 0.020 | 0.006 | 1.205 4.0 102 4.9 0.01 11.5 14.0 1 1.084
20 7.00 28 0.028 | 0.006 | 1.205 4.0 102 4.7 0.01 9.5 12.0 1 1.060
21 10.26 40 0.040 | 0.006 | 1.205 3.9 102 4.9 0.01 11.5 14.0 1 1.111
7/ B: Delay time per burden(ms/m), 7" Delay time(ms), o,: Standard deviation of initiation system, Z,: Scatter ratio, n,: Uniformity

index governed by the scatter ratio, B: Burden(m), D: Hole diameter(mm), .9: Spacing(m), £,
C(n): Correction factor to uniformity index, n,: Analyzed uniformity index by Kuz-Ram model.

length(m), #: Height(m),
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Table 7. Difference between measured results and estimated results by Kuz-Ram model (’05)
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Blast D.elay Measured (a) Kuz-Ram (b) (]();)f_f(eg)e)t;(c:) Correction factor
No. time . .

(ms) Xamo Ny KXo Ny (%) (%) c(4) C(n)

1 4 40.01 1.682 37.19 1.097 7.06 34.80 1.076 1.534
2 8 39.77 1.656 27.22 1.114 31.55 32.72 1.461 1.486
3 12 31.80 1.467 23.28 1.081 26.78 26.34 1.366 1.358
4 16 39.07 1.611 20.38 1.150 47.85 28.65 1.917 1.402
5 20 51.28 1.481 22.33 1.076 56.45 27.38 2.296 1.377
6 28 36.00 1.308 23.46 1.120 34.84 14.37 1.535 1.168
7 40 39.11 1.382 24.80 1.162 36.59 15.95 1.577 1.190
8 4 31.04 1.576 38.47 1.103 -23.93 30.03 0.807 1.429
9 8 39.97 1.522 24.79 1.162 37.99 23.69 1.613 1.311
10 12 39.92 1.530 18.60 1.196 53.40 21.80 2.146 1.279
11 16 36.63 1.509 21.81 1.068 40.46 29.24 1.679 1.413
12 20 29.89 1.435 21.22 1.137 29.01 20.78 1.409 1.262
13 28 36.06 1.659 24.16 1.037 32.99 37.52 1.492 1.601
14 40 37.68 1.371 29.95 1.120 20.51 18.29 1.258 1.224
15 4 44.83 1.467 41.69 1.056 7.01 27.99 1.075 1.389
16 8 37.03 1.474 33.15 1.089 10.48 26.12 1.117 1.354
17 12 44.50 1.437 25.83 1.066 41.96 25.82 1.723 1.348
18 16 41.75 1.813 24.36 1.026 41.66 43.43 1.714 1.768
19 20 35.36 1.333 25.95 1.084 26.61 18.65 1.363 1.229
20 28 39.12 1.401 26.02 1.060 33.49 2431 1.504 1.321
21 40 33.95 1.573 28.45 1.111 16.21 29.37 1.193 1.416

X ro: Measured X, (cm), X,y Estimated X,, by Kuz-Ram model(cm), n,: Analyzed n(uniformity index), n,: Estimated
n by Kuz-Ram model, C(4): Correction factor to rock factor, C(n): Correction factor to uniformity index.
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Fig. 3. Measured X, and estimated X, by Kuz-Ram model
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(Data in dotted circle has been ignored in regression
analysis because it is singular in comparison with the
other ones.)
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