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Abstract: This research studies the effect of rock physics and mechanics on the potential for erosion in the disposal area of coal
mines. The research data is secondary data in the form of geotechnical data from the geotechnical laboratory of PT. Bukit Asam.
The physical properties analyzed in this study were water content and particle size distribution, while the mechanical properties
analyzed in this study were plasticity index and shear stress. The correlation between physics and rock mechanics properties against
erosion potential is calculated using empirical equations, while the magnitude and effect of correlation among the three calculated
using Pearson correlation SPSS version 16. Based on this analysis it is known that there is a very strong positive influence between
the plasticity index of the shear stress, with a value of R2 = 0. 9955 or has a correlation of 0.998. While the shear stress has a strong
influence with the erodibility coefficient of R2 = 0.7225 or with a correlation level of 0.85. The correlation between the two is
negative, which means erodibility coefficient decreases with increasing critical shear stress.
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I. INTRODUCTION

Along with the increasing development of technology, the world's need for energy is also increasing. This increasing need
has caused every country to strive to increase its energy sources, one of which is by using coal. The large demand for coal in a
country causes it to import coal from other countries. Several countries in the world import coal from Indonesia, as one of the largest
coal exporting countries in the world Indonesia, has several coal mining companies, both state-owned and private companies. Coal
mining companies in Indonesia use an open-pit mining system to extract coal deposits that are in the earth. This mining system is
carried out by first digging the coal cover (soil or rock), then placing it in certain areas such as stock soils, disposal, or revegetation
areas.

Of the three locations for placing the overburden, the disposal area is the area with the largest erosion rate (Sri Sarminah,
2017). A disposal area is a place for piling up soil or rock layers covering the coal seam. This seam can be above the coal seam
(overburden) or between the coal seams (inter burden). The disposal area is an area that is very susceptible to erosion because it is
in the open and has little cover vegetation. If exposed to rainwater, this area would be eroded, so that soil nutrients will be carried
away by the water flow. It would result in degradation of ecosystem functions, landscapes, and a decrease in agricultural productivity
(Yellishetty, 2013). If this erosion process is allowed to continue continuously, it would be damage existing facilities, so it will cost
a lot to repair it (Miscevic & Vlastelica, 2014). Therefore, this erosion event threatens people's lives, agriculture, and economic
conditions (Stephen F. Mueller, 2015).

Erosion is a natural process that is quite complex because it involves many factors. Erosion occurs in three stages, namely:
Several factors that influence the level of erosion are water erosivity, soil or rock erodibility, land slope, land cover management
(Sri Sarminah, 2017) (Stacey & Karim, 2017) (Liu, et al., 2015), rainfall, climate, and duration of erosion (Shasta M Marrero,
2018). Erodibility of rocks is whether the soil/rock is easily eroded or the resistance of soil/rock particles to peeling and transport
of the particles due to the kinetic energy of rainwater. This erodibility factor is determined by rock characteristics such as physical
properties (grain size, porosity, rock density, permeability, plasticity, and water content ), organic and chemical content, as well as
mechanical properties such as shear stress and rock shear strength. The level of erosion in a stream can be predicted using the
equation below this (Jason P. Julian, 2006) (Clark & Wynn, 2007)) ;
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E=k(t— 1) 1)
Dimana:
E : Erosion rate (m/s)
k : Erodibility Coefficien (m?/N.s)
T - shear stress caused by water flow (Pa)
T, : Critical shear stress (Pa)

Stacey and Karim (2017) explain that soil with high erodibility has low critical shear stress and the plasticity index below
10. The critical shear stress which is defined as land detachment began to occur or conditions that initiate the detachment of soil.
The rate of corrosion does not occur (zero) if the critical stress is higher than the effective stress (Clark & Wynn, 2007). The critical
stress is influenced by several rock properties (rock texture, moisture, rock type, and cohesion) and cannot be modeled with only
one parameter. Another factor affecting the rock erodibility is grain size, according to (Yellishetty, 2013) rocks below 0.1 mm more
prone to erosion than rock measuring 0.1 mm - 2 mm.

Because the role of soil/rock characteristics in the erosion process is very large, it is necessary to research to analyze how
much influence the physical properties (water content and grain size distribution) and rock mechanics (plasticity index and critical
shear stress) have on the potential for erosion in the area. So that later we can take even better steps to prevent erosion

Il. MATERIAL AND METHOD
11.1.Data Sources

In this study, the data source used is secondary data in the form of geotechnical data. This geotechnical data is data
generated based on test results and rock sample analysis conducted by the geotechnical and exploration laboratory of PT. Bukit
Asam Muara Enim. Samples were obtained from 5 drill points with various drilling depths in the mine area of Pit 111 Banko Barat
PT. Bukit Asam Muara Enim, South Sumatra Province, which is located at coordinates 3 ° 43.734'S - 3 ° 44.244'S and 103 °
49.649'E - 103 ° 50.173E.

11.2.Method
Several methods are used to calculate and analyze research data, including:
111.2.1. Critical Shear Stress

To calculate the critical shear stress, it can be done by conducting a direct test (in situ) using the Jet Test equipment (Clark
& Wynn, 2007) and testing samples in the laboratory. Whereas for non-cohesive soils and soils with fine grains, the calculation of
the critical shear stress can be estimated using a shield diagram. However, the prediction of critical shear stress using the Shield
diagram produces a value that is below the estimate, resulting in an erosion rate that is beyond the predictions (Hanson & Simon,
2001).

The erosion process begins when the shear stress exerted by flowing water exceeds the critical shear stress of the soil
(Smerdon & Beasley, 1959). The critical shear stress can be defined from a graph plot of the level of erosion and shear stress (Clark
& Wynn, 2007). Smerdon and Beasley (1961) conducted a study on eight cohesive Missouri soils, by linking basic soil properties
such as plasticity index, dispersion ratio, particle size, and clay content to critical shear stress. The-empirical relationship between
soil characteristics and the critical shear stress generated by this study can be seen in the equation below;

7. = 0,161(1,)*%* 2
7. = 10,2 (D,)~%63 3)
7, = 3,45 x 107281 Ds0 4
7, = 0,49 x 1000182P (5)
With
T, : Critical shear stress (Pa)
I, : Platicity Index
D, : Dispersion ratio
D5y : Average particle size
P, : percentage of clay content
111.2.2. Erodibility

Erosion-resistant soil or rock tends to have low erodibility, and erosion-prone soil/rock will have high erodibility. The
value of the soil/rock erodibility coefficient is influenced by several factors, including rock characteristics (Small, Blom, Hancock,
Hynek, & Wobus, 2015). However, until now the simple empirical relationship between rock characteristics is not known. Although
this relationship is not yet known, we can use the results of calculations made by Hanson and Simon (2001) on the results of the
calculation of critical shear stress using the jet test (Hanson & Simon, 2001) (Clark & Wynn, 2007).

kd = 0,2 TC_O'S (6)
With :
E : erosion rate (m/ s)
kg : Coefficient erodibilitas (m3/N.s)
T : shear stress caused by water flow (Pa)
T¢ - critical shear stress (Pa).
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111.2.3. Statistical Methods

To determine the magnitude of the influence and the relationship between physical and mechanical properties of rock on
the potential for erosion in the disposal area, Pearson correlation analysis was used with a significance level of = 0.05 or 5%. This
test involves two variables (bivariate analysis), namely the independent variable and the dependent variable. All analyzes will be
carried out using SPSS statistical version 16 with the following interpretation of the correlation coefficients (Sugiyono, 2012):

Table 1. Guidelines For Interpretation Of Correlation Coefficients

Correlation Interval Correlation level
0,00 - 0,199 Very low
0,20 - 0,399 Low
0,40 - 0,599 Moderate
0,60 — 0,799 Strong
0,80 — 1,000 Very Strong

I1l. RESULTS AND DISCUSSION
I11.1. Analysis of Physical Properties and Mechanical Properties Of Rocks

Based on the analysis of the test results from the five sample points above, it is known that each sample point has a different
grain size distribution and rock type. The distribution of rock grain size followed by different water content will cause differences
in the rock plasticity index. The difference in the average grain size distribution, moisture content, and plasticity index of each drill
point can be seen in the table below:

90.00 81.38
70.00 57,69
@ 60.00 48.83
g 5000 l\4=>1\.
c
§ 40.00
a 33.36
30.00
70.00 1921 18,47 15.45 192 15.96
10.00 19.82
11.56
0-00 5'22 6.43
0 1.66 2 3 4 5 6
Point of Sample
—&— Water Content Plasticity Index =—d—Clay =—=Silt Sand

Figure 1. Graph Of Average Sample Test Results

The graph above shows the differences in the characteristics of the sample rocks at the five drill points. The sample from
the first point (BKGT.34) has a very high average plasticity index (81.38%), with an almost balanced content of clay and silt grains,
and a very small amount of sand (1.66%), and water content. which is quite high from the other points. While the sample from the
second point (BKGT.35) experienced a decrease in the average plasticity index of 69.13% (high plasticity) with almost balanced
clay and silt content and 11.56% sand grains and 18 moisture content. 47%.

The sample from the third point (BKGT.36) has a high plasticity index, which is 57.69%, with slightly more clay content
than silt and the number of sand grains is 5.22%. The rock samples at this point have a relatively low water content when compared
to other sample points. This decrease in water content certainly affects the decrease in the average plasticity index of the sample
rocks. A decrease in the average plasticity index also occurred in the sample from the fourth point (BKGT.37). Based on the graph
above, the sample at the fourth point has a medium plasticity index (48.83%). However, the decrease in the plasticity index was not
followed by a significant increase in the number of sand grains. The sand grains at this fourth point only amounted to 6.43% of the
entire rock, the rests were clay and silt grains which had almost the same amount. As for the water content, the sample from the
fourth point has a water content of 19.92% which is the highest moisture content when compared to other samples.

Geotechnical data from the fifth drill point (BKGT.38) shows that the fifth point has a medium plasticity index with an
average value of 33.36%. This decrease in the plasticity index has a negative correlation with the number of grains of sand contained
in the sample rock at this point. As seen in the graph above, the sample point BKGT.38 has almost the same amount of clay and silt
content and a high enough amount of sand compared to the previous four samples, which is 19.82%.

Based on the data above, in general, the Pit 111 Banko Barat disposal area consists of three types of rock, namely clay, silt,
and sand with varied distributions, as can be seen in the diagram below;
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Figure 2. Particle Size Distribution Diagram In The Disposal Area Of Pit I11 Banko Barat

From the diagram above, it can be seen that the size distribution of clay with silt is almost the same, with the average size distribution
of 45.39% and 45.28%, while the amount of sand is only 9.32%. Pei Zhao et al (2011) found that high clay - silt content (> 40%)
is more resistant to erosion because the aggregate structure is stronger than sands (Zhao, Shao, Omran, & Amer, 2011).

Besides having variations in grain size distribution, samples from the five drill points also showed variations in water
content. Variations in water content and grain size distribution will affect the plasticity index of the rock, where the average water
content of the five drill points is 17.73% and the average plasticity index is 57.47%. Thus, the soil/rock of the West Banko Barat
111 disposal pit has high plasticity. Based on the results of research conducted by Hooke (1979), it was found that rock or soil with
high clay - silt content has a strong relationship with water content (Jason P. Julian, 2006) (Zhao, Shao, Omran, & Amer, 2011).
The relationship between the water content and the plasticity index in the Pit 111 Banko Barat disposal area can be seen in the graphic
image below;
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Figure 3. Graph Of The Correlation Between Water Content And Rock Plasticity Index

The linear regression graph above shows a strong correlation between water content and plasticity index with a value of
R2 = 0.5088 or 0.7133. The correlation between the two also satisfies the linear regression equation
y =4,5275x — 22,815 (7)
the value of y in the above equation is positive, indicates a positive correlation between the water content and plasticity index,
where the increase of water content in a rock the plasticity index will be increasing.
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1.2. Correlation between physical and mechanical properties of rock on erosion potential

One of the factors that influence the rate of erosion is rock erodibility. Simple empirical equations for estimating rock
erodibility by rock characteristics yet, but we can use equation (6) to estimate the value of erodibility. But before that, we must
first know the critical shear stress value. In this study, the shear stress is estimated using equation (2). Based on these two equations,
it is known that the estimated magnitude of critical shear stress and erodibility coefficient is as follows ;

Table 2. Estimated Shear Stress And Erodibility Coefficient

No Sample IP T, k No Sample Pl t. k
1 BKGT.34-1 |45 392 |0.10 31 BKGT.36-8 | 64 | 5.26 | 0.09
2 BKGT.34-2 | 220 | 14.85 | 0.05 32 BKGT.36-9 |52 |4420.10
3 BKGT.34-3 |39 |347 |011 33 BKGT.36-10 | 42 | 3.70 | 0.10
4 BKGT.34-4 | 139 | 10.10 | 0.06 34 BKGT.36-12 | 77 | 6.15 | 0.08
5 BKGT.34-6 |53 |449 |0.09 35 BKGT.36-13 | 38 | 3.40 | 0.11
6 BKGT.34-8 |54 |456 |0.09 36 BKGT.36-15 | 31 | 2.86 | 0.12
7 BKGT.34-9 |44 ]384 |0.10 37 BKGT.37-1 |38 ]340 ]0.11
8 BKGT.34-10 | 57 |4.78 | 0.09 38 BKGT.37-2 | 23]223]0.13
9 BKGT.35-1 |23 |223 |0.13 39 BKGT.37-3 | 77 ]6.15 | 0.08
10 | BKGT.35-3 |20 |[1.98 |0.14 40 BKGT.37-4 |42 ]3.70 | 0.10
11 | BKGT.35-4 |83 |6.55 |0.08 41 BKGT.37-6 |30 | 279 0.12
12 | BKGT.35-6 |43 |3.77 |0.10 42 BKGT.37-7 |79 ]6.28 | 0.08
13 | BKGT.35-7 |78 |6.22 |0.08 43 BKGT.37-8 |46 | 3.99 | 0.10
14 | BKGT.35-8 | 256 | 16.87 | 0.05 44 BKGT.37-9 |56 | 471 | 0.09
15 | BKGT.35-10 | 65 |5.33 | 0.09 45 BKGT.37-10 | 42 | 3.70 | 0.10
16 | BKGT.35-11 | 58 | 4.85 | 0.09 46 BKGT.37-11 | 38 | 3.40 | 0.11
17 | BKGT.35-13 | 83 | 6.55 | 0.08 47 BKGT.37-13 | 81 | 6.42 | 0.08
18 | BKGT.35-16 | 46 |3.99 | 0.10 48 BKGT.37-17 | 34 | 3.09 | 0.11
19 | BKGT.35-17 | 67 |5.47 | 0.09 49 BKGT.38-1 |44 |3.84 | 0.10
20 | BKGT.35-18 | 62 |5.13 | 0.09 50 BKGT.38-2 | 38| 3.40 | 0.11
21 | BKGT.35-19 |83 |6.55 | 0.08 51 BKGT.38-3 | 62 | 5.13 | 0.09
22 | BKGT.35-22 |34 |3.09 |0.11 52 BKGT.38-4 | 46 | 3.99 | 0.10
23 | BKGT.35-23 |36 |3.25 |0.11 53 BKGT.38-6 | 36 | 3.25 | 0.11
24 | BKGT.36-1 |45 |3.92 |0.10 54 BKGT.38-7 |31 |286|0.12
25 | BKGT.36-2 |45 |3.92 |0.10 55 BKGT.38-11 | 30 | 2.79 | 0.12
26 | BKGT.36-3 |63 |519 | 0.09 56 BKGT.38-14 | 23 | 2.23 | 0:13
27 | BKGT.36-4 |73 |5.88 | 0.08 57 BKGT.38-17 | 15 | 1.56 | 0.16
28 | BKGT.36-5 |50 |4.28 |0.10 58 BKGT.38-18 | 20/ 1.98 ] 0.14
29 | BKGT.36-6 |105|7.98 | 0.07 59 BKGT.38-19 |22 | 215 0.14
30 | BKGT.36-7 |65 |5.33 |0.09

111.2.1. Correlation Between Plasticity Index and Critical Shear Stress

The results of the research by Stacey and Karim (2017) show that the critical shear stress increases with increasing the
plasticity index of the rocks. Estimation of critical shear stress based on rock plasticity index provides a very strong correlation, as
seen in the graphic image below;
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Figure 4. Graph Of The Correlation Between Plasticity Index And Critical Shear Stress

IJCRT2012116 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 999


http://www.ijcrt.org/

www.ijcrt.org © 2020 IJCRT | Volume 8, Issue 12 December 2020 | ISSN: 2320-2882

Based on the graph above, it is known that the plasticity index has a very strong influence on the critical shear stress, with
a value of R?2 = 0.9955 or 0.998. This effect also satisfies the linear regression equation
y = 0,0643x + 0,9992 (8)
The positive y value shows that the correlation between the plasticity index and the critical shear stress is positive. Where the greater
the plasticity index of soil or rock, it will be the greater the value of the critical shear stress.

111.2.2 Correlation between Critical Shear Stress and Erodibility Coefficient

Erodibility has a great influence on the erosion potential of a rock, which is based on research results of Kimiaghalam,
Clark, & Ahmari on 2015 that critical shear stress has a very significant relationship to the level of erosion. A very strong correlated
is also seen in the graph of the critical shear stress relationship with the erodibility coefficient below;
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Figure 5. Correlation Between Critical Shear Stress And Erodibility Coefficient

The graph above shows the pattern of a strong correlation between the critical shear stress and the erodibility coefficient, with Rz =
0.7225 or 0.85. This relationship satisfies the linear regression equation;

y =-0,0069x + 0,1322 9
The negative y value (-) shows that the relationship between the critical shear stress and the erodibility coefficient is negative.
Where the greater value of the erodibility coefficient shear stress will be smaller, and vice versa. If the shear stress value increases,
the erodibility coefficient will decrease.

IV. CONCLUSION

Based on the results of this study, it was found that:

1. The disposal area for Pit 1l Banko Barat has a variety of rock contents, with the main rocks being clay, silt and sand. From the
results of the size distribution average, it is known that the number of clay grains is 45.39%, silt 45.28%, while the amount of
sand is only 9.32%. The distribution of the high number of clay and silt grains (40%) has a high level of resistance to the
potential for erosion.

2. The plasticity index of the sample rock has a very strong influence on the critical shear stress. This influence is positive, which
means that the higher the plasticity index of rock, the critical shear stress will be even greater. Based on data analysis, the Pit
111 Banko Barat I11 disposal area has an average plasticity index of 57.47%. Thus, the soil/rock of the Banko Barat 111 disposal
pit area has high plasticity.

3. The critical shear stress of the sample rock has a strong influence on the erodibility coefficient. Based on the result of the linear
equation between the critical shear stress and the erodibility coefficient shows a negative correlation, this means that the
increases of critical shear stress of rock made decreasing of erodibility coefficient.
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