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per the plant design and crushing capabilities. Table III shows the 
blast design parameters that are used at the mine and which are 
used as input parameters for the Kuz-Ram fragmentation model.

Comparison of ideal and actual fragmentation with 
skewness of zero 
This class of data has only three data-sets recorded for the actual 
blast. Therefore, it is expected that the results may be inaccurate 
because the fewer the data-points, the less accurate the results 
will be. This data recorded a skewness of zero and the mean and 
median values were the same. Identical mean and median values 
could imply that the fragments are distributed normally; however, 
this could be incorrect as there is no mode to confirm that. The 
skewness of zero implies that the data is a normal distribution 
even though this is not true. given that the data contains only 
three points. The results from this data-set cannot be regarded as 
a true representation of the fragmentation distribution. 

Blast ID O2603C1P25
The size fragments fall within the mine standards of a minimum 
of 0.1 mm and a maximum of 1000 mm. These extremes are 
put in place even though the lowest crushing size is 10 mm and 
the largest grizzly at the run of mine (ROM) tip is 800 mm, as 
1000 mm is manageable by a rock-breaker (pecker) and 0.1 mm 
diamonds can still be recovered if they are of gem quality. The 
percentage passing values are determined from the graphs as 
20% smaller than 37.54, 50% at 178.15 mm or less, and 80% at 
437.87 mm or less. All the fragments pass through the 800 mm 
grizzly, signifying an absence of boulders for this specific blast. 
However, the problem is the fact that the size fragments do not 
fall within the crusher fines-coarse design. 

Figure 4 shows the data plotted using a logarithmic (log) 
scale. A log scale was used because it tends to respond well 
to skewness near large values and shows the percentage 
well (Robbins, 2013). The ‘ideal’ curve on the graph was 
calculated using the midpoints of the fines and coarse envelope 
to determine, on average, the ‘ideal’ fragmentation curve that 
is to be expected. The predicted curve was obtained using the 
Kuz-Ram fragmentation model and the actual curve data was 
obtained photographically by the use of Split Desktop software. 
The bias for the data is 1.08, which yields a MSE of 301.15. 
The large positive MSE indicates a difference between the actual 
and ‘ideal’ curves. The large MSE value might be due to the fact 
that the ‘ideal’ and actual curves have different ranges of 78.95 
and 60.00 respectively for their percentage passing values. This 
causes inaccuracies in the analysis of the data.

Comparison of ideal and actual fragmentation with dif-
ferent skewness values 
These results have more than three data-points for the actual 
blast results, which is expected to yield a more accurate 
representation of the fragmentation. Blast identity O2603C1P31 
is analysed.

Blast ID O2603C1P31
The fragments do not lie within the acceptable size range of 
0.1 mm–1000 mm. The data is further analysed in Figure 5 to 
ascertain if it fits within the fines-coarse envelope.

In Figure 5, there are values that extend beyond the fragment 
size of 1000 mm for the ‘ideal’ curve, although the upper limit 
shown on the curve is 1000 mm. This means that some data is 
missing from the graph and this may cause inaccurate results. 
At 80% percentage passing, fragments less than 500 mm passed 
through. At 50% passing, fragments less than 200 mm passed 
through and at 20%, fragments less than 50 mm. The bias for 
the data-set is 6.17, which yields a MSE of 78.11. The skewness 
is 0.22, hence the data-set is positively skewed. The value of the 
MSE is large in this case as a result of the large bias, thus the 
bias was over-estimated. The actual curve strays further away 
from the coarse curve, indicating that boulders are present.

Comparison of predicted and actual fragmentation 
For this class of data, the predicted curves that were plotted using 
the Kuz-Ram fragmentation model and actual fragmentation 
profile are comparable. Since the Kuz-Ram fragmentation model 
was used, the X50 and n values are shown, calculated using 
Equations [1] and [2], respectively. These two values are critical 
as they are the main input values when calculating percentage 
passing using Equation [3].

   Table III

  �Blast design parameters used at LMDC 
Blast design information

   Hole diameter (mm)	 127
   Burden (m)	 2.6
   Spacing (m)	 2.8
   Bench height (m)	 14
   Sub-drill (m)	 0.8
   Stemming (m)	 2.5
   Stemming material	 Tailings
   Pattern layout	 Staggered
   Explosives	 Emulsion (HEF100)
   Timing – Spacing (ms)	 33

Figure 4—Fragmentation curves for O2603C1P25

Figure 5—Fragmentation curves for O2603C1P31
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Blast ID O2603C1P12
The prediction shows a range of sizes from 1 mm to 4000 mm 
and the actual data a range from 1 mm to 2000 mm. For both 
data-sets, the size fragments indicate the presence of boulders. 
The predicted data indicates a mean size of 47.7 mm and a 
uniformity index of 1.54. At 80%, 50%, and 20% passing, 
fragments less than 75 mm, 50 mm, and 25 mm passed through, 
respectively. The uniformity index lies within the acceptable 
range of 0.6 and 2.2. 

The predicted curve in Figure 6 is flat at the beginning, 
denoting 100% passing from 200 mm to 4000 mm. It is 
important to note that the predicted curve does not lie entirely 
within the fines-coarse envelope. The reason for the top falling 
outside the envelope is the very large fragment sizes that are 
predicted. The actual curve lies within the fines-coarse envelope 
for smaller fragments, but outside it for the larger fragments, 
which could be due to the powder factor of 1.76 kg/m3. This 
introduces the impact/effect of the explosives utilized on the 
profile of the rock blasted. It is important to note that the rock 
properties value used in the prediction parameters was an 
average value for the whole mine, therefore it may not be an 
accurate representation of the true rock properties in the blast 
area. The bias for the data-set is 19.44, which yields a MSE of 
443.98. The data-set is negatively skewed (skewness is –0.05). 
The value of the MSE is large as a result of a large bias, thus the 
bias was over-estimated.

Box-and-whisker plots
Box-and-whisker plots were constructed for each blast to 
determine the spread of the percentage passing. For this analysis, 
pure descriptive statistics are used. The data analysed is for the 
actual fragments in order to determine how the fragments were 
spread out.

Blast ID O2603C1P25
In Figure 7, both the upper quartile and lower quartiles have a 
difference of 15.00. The data shows an even spread in terms of 
percentage passing for the fragments. However, this does not 
mean that the fragments are ‘ideal’ as the minimum is 20.00 and 
the maximum is 80.00, which means that the spread of the range 
of the fragments themselves is not large (it is 60). This value of 
60 compared to the median of 50 shows that the data is not as 
evenly distributed as it seems.

Blast ID O2603C1P31
In Figure 8, the upper quartile and lower quartile have a 

difference of 24.77 and 9.67 respectively. This difference 
manifests in two whiskers, the whisker for the upper quartile 
being twice as long as that for the lower quartile. The long 
whisker could be an indication that there are very large 
fragments compared to the rest of the data. This is in addition to 
the fact that the median is 43.16, indicating that the majority of 
the fragments fall within the lower 50% of the data but there are 
more coarse fragments than fine fragments. 

Blast ID O2603C1P12
From Figure 9, the data seems to be relatively evenly distributed. 
However, the median is 57.67, and the differences between the 
Q1 and the minimum, and the maximum and Q3 values, are 
27.79 and 20.28 respectively. The 7.51 difference between the 
two values shows that the spread of fragments for this blast is 
relatively even for the top 50% and the bottom 50% of the data.  

Figure 6—Fragmentation curves for O2603C1P12 Figure 9—Box-and-whisker plot for O2603C1P12

Figure 8—Boxand-whisker plot for O2603C1P31

Figure 7—Box-and-whisker plot for O2603C1P25
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Proposed solution
The limitations with the Kuz-Ram fragmentation model have 
led, in this case, to the determination of a proposed solution 
where only one parameter can be altered at a time. The focus 
was mainly on controllable blasting factors as some of the other 
limitations with the Kuz-Ram fragmentation model would be 
difficult to surmount. Figure 10 shows a proposed prediction 
curve and the parameters that were modified to achieve the 
desired fragmentation results. At 99.70% passing, the graph 
indicates a size of 200 mm and from thereon 100% passing all 
the way to 800 mm. At 33.80% passing, the graph indicates 
a size of 50 mm. The percentage passing less than 33.80% 
extends beyond the coarse envelope. The difference between the 
percentage passing within the fines-coarse envelope is 65.90%, 
with sizes ranging from 200 mm to 800 mm at 100% passing. 
This is an improved prediction design compared with the current 
results obtained by the mine. This improved prediction meets the 
requirements to fit the model into the fines-coarse envelope. It is, 
however, subject to testing. This improved design was achieved 
by changing the burden from 2.60 m to 2.80 m and the spacing 
from 2.80 m to 3.00 m. The spacing to burden ratio was 1.07. 
This improved design assists the mine in fitting its predicted 
model into the constraints of the plant design (fines-coarse 
envelope).

Conclusions
The research study showed that the gap  between the predicted 
and actual curves differs for the same blast, which is the first 
indication that the desired fragmentation will not be achieved. 
In cases where no fragmentation curves were drawn, the ranges 
for the fragments also differ from those that are supposed to 
fit into the fines-coarse envelope. These discrepancies between 
what is expected and what actually happens make it difficult to 
identify the parameters that need to be adjusted to meet the mine 
standards. 

The MSE between the expected and predicted results is large 
for all the blasts, which means that the drilling and blasting 
crews do not follow the correct procedures and end up doing what 
is required in order to complete a blast to schedule.

A slight increase in the powder factor made a difference to 
the ‘actual’ curves, which shows that the rock mass to be blasted 
must be studied thoroughly in order to calculate the correct 
powder factor. There is no tailor-made solution to designing 
blasts, but each mine must determine its own blast design 
parameters by trial and error until the desired result is achieved.

The results from the Kuz-Ram fragmentation model prove 
further that the explosives used and the rock properties play a 
significant role in determining how well fragmented the rock will 

be. The calculation for the mean fragmentation size is strongly 
dependent on the rock properties which, in this case, may be 
incorrect due to the subjective (visual) determination of rock 
properties like the JPO and JPS. The theoretical calculation of 
the uniformity index, on the other hand, fell within the accepted 
range for all three blasts. This is dependent on the mine’s blast 
design parameters, which is further proof that the blast design 
parameters are suited for the mine.

More than two prediction parameters should be used at 
the mine and there should be quality checks and assurances 
for the whole process that leads up to rock being fragmented. 
Furthermore, the mine should keep a good record of blasts. Good 
record-keeping is important to assist in improving the prediction 
models and the actual fragmentation curves. The calculations for 
the predictions should be done well before every single blast in 
order to be able to identify trends.
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Figure 10—Proposed model for fragmentation curve
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