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ABSTRACT

This paper investigated materials adhesivity as one of the equipment productivities factors in an open-pit coal
mining operation. The parameters of adhesivity investigated in this study were obtained from physical and
mechanical properties of soil. The parameters were cohesion (C), density (y), grain size (% clay and % sand),
moisture contents (w), plasticity index (PI), and liguid limit (LL). The data was measured from extensive
laboratory testing on disposal materials, composed of clay-sized grains with the moisture content of 8.06 —
47.98%. The materials were also classified as a very plastic material (Plasticity Index > 17%). The relationship
of several parameters as materials adhesivity level (a) was formulated using multivariate regression analysis, used
as a prediction of adhesivity levels on disposal materials. Therefore, actual adhesivity was also analyzed using
physical models modified from the direct shear test as a verification. The result was quite similar with a standard
deviation of 0.007, suggesting that the estimation value would be applicable in open pit coal mining operation.
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INTRODUCTION

Mining, especially in open pit systems, includes
excavation and overburden (i.e., soil and weak rock
material) removal activities which the digging
equipment affects the productivity and the energy
consumed. Soil and rock materials potentially stick on
the digging bucket reducing the productivity level
since the equipment may be difficult to operate.
Adhesiveness is not only related to the tensile force
between the soil material and the digging material
bucket forming material, but also the tensile force
between the material itself (cohesion) causing the
sticky material to become thicker.

Kooistra (1998) suggested a theory that adhesion
affects contact between the soil and other material.
Adhesion is explained through Mohr Coulomb's
sheath behavior with an approach that is almost the
same as the approach used on soil shear strength.
According to Hendrick and Bailey (1982), the soil
adhesive properties (the normal force parameters and
the adhesive shear angle) greatly affect the ability of
the soil to slip on a surface of another material plane.
Decreasing the level of adhesivity to below the value
of cohesion and shear angle in the soil may affect the
reduced level of soil adhesiveness.

The adhesiveness of the material is closely related to
the physical and mechanical properties of the
excavated material encountered, especially parameters
such as material composition, moisture content,
plasticity index, liquid limit, plastic limit, and material
adhesivity. Therefore, this study determined key
parameters affecting adhesiveness which is the ideal
material disposal conditions, so that adhesiveness can
be minimized.

METHODOLOGY

The parameters of adhesivity in this study was
obtained from physical and mechanical properties of
soil. The parameters were cohesion (C), density (v),
grain size (% clay and % sand), moisture contents (w),
plasticity index (PI), and liquid limit (LL).

Through a similar approach to the concept of the Mohr

Coulomb, the methodology for testing adhesive in the

laboratory was conducted with a direct shear testing.
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Figure 1. Mlustration of Adhesivity Testing Through Direct
Shear Test

The laboratory testing methodology was adjusted to
the direct shear test, but an adjustment was made to the
friction plane of the shear tool, which originally in the
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form of soil material replaced by a steel plate.
Accordingly, the results of the initial parameters in the
form of cohesion was replaced by the value of
adhesion, namely friction between the ground and the
surface of the steel plate. Illustration of adhesivity
testing is shown in Figure 1.

Through this test, the parameter adhesion value was
obtained which the friction force between the soil
sample and the surface of the steel plate replaced the
cohesion value in the direct shear test. As an
interpretation of the difference in outcome parameters
in direct shear testing, the test method was described
as shown in Figure 2.
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Figure 2. Cohesion and Adhesion Parameters in Direct Shear
Testing

RESULTS AND DISCUSSION

Based on the natural weight and dry density data group
of laboratory tests on material disposal at the study site,
showed that the weight of the original content (natural
density) of material disposal at the study site ranged
from 16.19 to 23.20 kN/m* with an average value of
19.25 kN/m". The value of the original weight in the
data (mode) was 20 kN/m’. The original weighted data
group had a standard deviation of 1.47 kN/m®. The
natural moisture content was 8.06% to 47.98% with an
average value of 21.97%. Material disposal had an
average porosity of 40.55% with a range between
22.79 - 57.34%.

The great percentage of pores in a soil aggregate stated
that the soil is looser because of the amount of space
between the soil grains. This caused the aggregate
volume of the soil to have less weight in each volume
unit, which is defined by the weight value of the
contents. These soil characteristics were proved in
Figure 3, stating the influence of porosity on the value
of the weight content at disposal research site. The
graph shows that the porosity percentage on the soil
has a negative influence on the value of the original
soil density. the higher porosity in the soil aggregate
actually indicates a decrease in the value of the weight
of the contents. The relationship between these two
parameters is illustrated through a non-linear

regression approach on 55 physical properties testing
data with a high coefficient of determination, 0.90.
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Figure 3. Graph of Porosity Effect on the Disposal Natural
Density

In addition to analyzing the influence of porosity with
the weight value of contents, also analyzed the effect
of porosity on the original moisture content contained
in the soil. Figure 4 shows a graphic interpretation of
the relationship between porosity and original water
content in disposal is presented. The graph shows that
there is a correlative relationship between porosity and
original water content contained in the material
disposal at the study site. The relationship shown in the
graph is a positive relationship graph, in the form of
linear regression. This confirms that the greater the
value of the water content in the soil. This correlative
relationship is caused by the porosity representing the
percentage of pores or space between the grains in a
soil aggregate, so that the greater the space between
grains also defines the greater space provided by soil
aggregates in storing water and air. The correlative
relationship produces a relatively strong coefticient of
determination that is equal to 0.903.
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Figure 4. Graph of Porosity Effect on Original Disposal
Water Content

Disposal material at this research is dominated by
material with a very plasticity level with a percentage
of 66.23% (Figure 5). Material with a very plasticity
level is represented by material with a plasticity index
value greater than 17%. In the medium plasticity group,
which have plasticity index value is at 7-17%, shows a
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smaller amount of data compared to very plastic
material, which is at a percentage of 34%. Material
with low plasticity level was not found in the test
results at the study site, so it can be concluded that the
majority material at of research sites has a high
plasticity level or very plastic.

Very
Plastic,
66.23%

Figure 5. Percentage of Disposal Plasticity Level at
Research Site

The percentage values of the disposal grain size
distribution are shown in Table 1 shows that overall
material disposal at the research site is dominated by
clay grain material, while the grains of sand are valued
at the lowest.

Table 1. Disposal Grain Size Distribution for Each Depth

Average Grain Size

Distribution
Depth Range
No

Clay Silt Sand

(m) (%) (%) (%)

1 0,00 - 10,00 39.63 46,36 13,74
2 10,00 - 20,00 38.36 46,02 14,42
3 20,00 - 30 .00 41,23 4005 18,72
4 30,00 - 40,00 40,03 37.08 22,89
5 40,00 - 50,00 46,80 34.57 18,61
6 > 50,00 5198 3995 8108

In Figure 6, there can be seen that the correlative
relationship between the percentage of grain size and
the plasticity index is illustrated through linear
regression. The relationship curve for the size of the
sand grains explains that the greater the percentage of
sand content in the soil, the plasticity index formed in
the soil actually decreases, in contrast to the curve in
the size of clay grains, which defines a correlative
relationship positive, where an increase in the
percentage of the amount of clay content will cause an

increase in the soil plasticity index. The coefficient of
determination shown on the graph gives the influence
of the clay grain size distribution is 0.700 to the
plasticity index, while that of the sand grains is only
0.500.
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Figure 6. Percentage of Disposal Plasticity Level at
Research Location

Furthermore, laboratory testing is carried out in more
detail on two types of samples with different
constituent materials. Sample 1 (S1) is a sample with
a dominant constituent material in the form of clay and
sample 2 (S2) is a material with a dominant constituent
material in the form of sand. The composition of the
constituent grains of both types of samples can be seen
through the following test results.

Table 2. Disposal Grain Size Distribution for Each Depth

Grain Size Distribution

Sample Code
Clay Silt Sand  Gravel
%o %o %o %o
51 4728 4722 550 0
52 2186 31,14 4700 0

The results shown in the table above show that the
sample group S1 is dominated by clay compilers, with
a percentage of 47.28%, while the aggregate
percentage with grains of sand is only 5.50%. Unlike
the case with the aggregate grains compiling the S2
sample group, the percentage of sand is more dominant
with a percentage of 47%, while the clay is only
21.86%.

Based on the cohesion parameters and the internal
friction angle shown in Table 3, it can be concluded
that the cohesion value in the S1 sample group is
relatively greater than the sample disposal groups S2.
Cohesion values in the S1 sample group were in the
range of 0.19 - 0.46 kg / cm”. In the sample group S2
with aggregate-dominated material the size of the sand
grain residual cohesion values obtained in the range of
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values 0.15 - 036 kg / cm?.

Table 3. Recapitulation of Direct Shear Test Test
Results

Internal
Water
Sample Cohesion  Friction
Sample Content
Code Angle
e kg/cm? °
S1 A 21.87 0,37 3101
) S1_B 2525 043 2185
Disposal
(Clay 51_C 27.60 0,37 2185
Dominant)  §1_D 34,71 0,19 16,70
S1E 19,08 046 3101
S2_A 20,00 0,36 3507
S2_B 2265 0,33 3101
Disposal g5 ¢ 2477 023 3101
(Sand) -
52D 2941 0,28 3101
S2 E 35,80 0,15 3101

Adhesivity testing has been carried out to obtain the
disposal adhesivity parameters. In this study, testing
only takes into account the adhesion parameters
produced between the disposal material and steel as the
material representing the surface of the excavator's
bucket.

Table 4. Recapitulation of Adhesivity Direct Shear

Test
Sudut
Kadar
Kode Adhesi  Geser
Sample air
Sample Dalam
e kg/em? @

SI_A 21,87 0,12 21,85

Disposal S1_B 2525 0.29 21,85
(Clay S1_C 27,60 0,33 21,85
Dominant) S1_D 3471 0,23 26,61
SI_E 19,08 007 21.85

S2_A 20,00 0,03 26,61

Disposal S2_B 22,65 0,14 21,85
(Sand §2_C 24,17 0,13 21.85
Dominant) 52_D 2941 0,12 16,70
S2_E 35,80 0,09 21,85

The recapitulation of the test results shown in Table 4
shows that in the sample group S1 the adhesion value
was in the range of values 0.07 - 0.33 kg / cm® with a
moisture content between 19.08 - 34.71%. In the S2
sample group the range of adhesion wvalues was

between 0.03 - 0.14% for variations in water content
between 20.00 - 35.80%.
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Figure 7. Effect of Moisture Graph on Adhesion of Sample
Disposal (a) Sample S1 and (b) Sample 52

The effect of the water content value contained in the
disposal on the adhesion value in each sample group is
depicted as illustrated in Figure 7. It is explaining that
the adhesion value in each sample group has a peak
phase and a decrease phase. The peak phase of general
adhesion values in all test groups is in the range of 22-
30% moisture content. In the range of values, the
adhesion value increased until the maximum value
then dropped again. In the sample groups S1 and S2,
the maximum value of disposal adhesion is close to the
average plasticity index value of the soil, both as a
whole and the sample group itself. This can be a
validation of previous studies that stated same things.

Based on the results obtained, it was concluded that a
correlative relationship between water content and
disposal adhesion value at the study site in Figure 8.
On the same graph, the maximum adhesion value in
each sample group is at a relatively different water
content. Sample S1 group showed a peak adhesion
value of 0.33 kg / cm® at a water content value of
29.21%, while in the sample group S2 a peak adhesion
value of 0.14 kg / cm’ was at a water content value of
28.73%. The value of water content at the time of peak
adhesion conditions in the sample group S2 explains
that the material with the sand constituent material has
a peak phase with less water content compared to clay.
Soil material dominated by sand compilers also shows
much smaller adhesion value compared to clay.
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Figure 8. Graph Effect of Water Content on Disposal
Adhesion at Research Sites

As a comprehensive analysis of the relationship on
each related parameter, a multiple regression analysis
is then performed to assess the relationship of water
content, plastic limit, liquid limit, plasticity index,
cohesion, percentage of clay grains, percentage of
grains of sand, and weight of contents to adhesion so
that it can be determined an Regression equation from
the wvalues of the test parameters that have been
obtained. The analysis was conducted with a
confidence level of 95% and a real level of 5%. The
results of the analysis are summarized in Table 5

Table 5. Results of Beta Coefficients of Statistical

Regression Analysis

Parameter Coefficients Standard Error
Intercept 74,6671 17.0908
Water Content 00169 0,0073
Plastic Limit 0 0
Liquid Limit 00112 0,0063
Plasticity Index 00084 0,0101
Cohesion 00091 0,1387
% Clay -1,4908 0,3420
e Sand 09167 0,2099
Natural Density 0.,7092 03826
Multiple R 093
R Square 0.84

In Table 5 it is stated that the adhesion parameter is
influenced by several test parameters as mentioned
above and has a fairly strong influence relationship.
This is indicated by the coefficient of determination
(R?) of 0.84. Similar to the value of compound R
(multiple R) which states the relationship between the
dependent variable (adhesion) with all independent
variables (test parameters such as water content,
weight weights, consistency limits, cohesion, and
grain size distribution) as a compound, that is equal to
0.92. Because of that case, it can be concluded that the
test parameters which become the input parameters in
the analysis have a significant influence on the
adhesion value so that the relationship can be stated in
a statement function whose coefficients are determined
in Table 5. In this table, each test parameter has a

coefficient value with varying standard error values.
Then the regression equation can be written as follows:

a = 74,67 —0,0169w + 0,0112(LL) + 0,0084 (IP) +
0,0091C — 1,4908(%C1) — 0,9167 (%Sd) +

0,7092y (Equation 1)
which:

a = Adhesion [kg-"cm:]

w = Water Content (%)

LL = Liquid Limit (%)

1P = Plasticity Index (%)

C = Kohesion ((kg-"cm:]

%Cl = Percent Grain of Clay (%)

%Sd = Percent Grain of Sand (%)

v = Natural Density (g/cm?)

The regression is then validated in the analysis, this is
done in order to determine the difference between the
original adhesion value and the predicted adhesion
value. This difference value is referred to as the
residual value in . Based on the residual values shown
in the 15 data, it was concluded that the deviation
between the original adhesion value and the predicted
value was relatively small, amounting to 0.0074.

Table 6. Validation of Predicted Adhesion Value

Sample Code Adhesion Predicted Adhesion  Residuals
S1_A 0,12 0,1733 -0,0533
SI_B 0,29 0,2629 00270
S1_C 033 0,2652 00647
S1_D 023 0,2571 -0,0271
S1_E 007 0,0812 -00112
S2_A 0,03 00323 -0,0023
S2_ B 0,14 0,0969 00430
52.C 0,13 0,1134 00165
52_D 0,12 0.1615 -0.0415
S2_E 009 0,1057 -00157

Mean 0.0074
CONCLUSION

Based on the results discussed in this study, several

conclusions are summarized as follows:

1. Disposal at the research site has an natural water
content of 21.97%, porosity value of 40.55%.
Characteristics of the dominant constituent grains
in the form of clay with a very plastic material
category and a peak adhesion value of 0.15 - 0.33
kg/em? at moisture content of 28.73 - 29.21%,. It
shows that the actual material disposal at the
research  location is at the maximum
adhesiveness phase.

2. The greater the sand material as the size of the
constituent disposal reduces the plasticity index
on the material that can affect the stickiness level.

3.  The maximum phase of stickiness (adhesion
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value) is close to the plasticity index value.

4. Relationship between water content parameters
(w), natural density (v), grain size distribution of
clay (% Cl), sand (% Sd), cohesion (C), liquid
limit (LL), and Plasticity Index (IP) with
adhesion values ( a) can be stated in the equation :
a= 74,67 — 0,0169w + 0,0112(LL) +
0,0084 (IP) + 0,0091C — 1,4908(%Cl) —
0,9167 (%S5d) + 0,7092y

ACKNOWLEDGEMENTS

This study is directed by PT Studio Mineral Batubara.
We would to thank Universitas Pembangunan
Nasional “Veteran” Yogyakarta and PT Bukit Asam
Tbk for research supports.

REFERENCES

Ali Hassan, Omar S., 1980, Modelling of The Soil
Mechanical Properties to Soil Moisture Condition and
Their Application to Study the Traction Developed by
Lugged Tires, Department of Agricultural Engineering
MacDonald College of McGill University Sainte Anne
de Bellevue, Quebec.

Azadegan, B., dan Massah, J., 2012, Effect of
Temperature On  Adhesion of Clay Seil to
Steel,CercetariAgronomice in Moldova Vol. XLV No.
2 (150), page 21 — 27.

Bravo, E.L., dkk., 2012, Determination of Basic
Mechanical Properties In A Tropical Clay As A
Function of Dry Bulk Density and Moisture,Revista
Ciencias Técnicas Agropecuarias, ISSN -1010-2760,
RNPS-0111, Vol. 21, No. 3, Julio-Septiembre, Cuba,
page. 5-11.

Birch, R.A., Ekwue, E.L, dan Phillip C.J., 2016, Soil-
Metal Sliding Resistance Forces of Some Trinidadian
Soils at High Water Contents, The West Indian Journal
of Engineering Vol.38 No.2, page 52-58.

Combe, T.A.A., dan Miedema, S.A., 2015, Influence
of Adhesion on Cutting Processes in Dredging,
Proceedings of Western Dredging Association and
Texas A&M University Center for Dredging Studies.

Das, B.M., 2012, Soil Mechanics Laboratory Manual
8th Edition, Oxford University Press, NY

Dumbleton, M. I., dan West, G., 1966, Some Factors
Affecting The Relation Between The Clay Minerals In
Soils And Their Plasticity, Clay Minerals 6, 179.

Harsono, S.S., 2011, Tillage Implement Effects On
Wet Sticky Soil, Research Journal of Agricultural
Science, 43 (4), page 86 — 94.

Fountaine, E.R., 1954, Investigations into The

Mechanism of Soil Adhesion, Journal of Soil Science,
Vol. 5, page 251 — 263.

Hendrick J.G., danBailey A.C, 1992, Determining
Component of Soil-Metal Sliding
Resistance, Transactions of of the ASABE. 25 (4)

Ljaz, A. et al, 2014, Effects of Soil and Air Drying
Methods on Soil Plasticity of Different Class of
Pakistan, Int. Journal Research and Applications Vol.
4 Issue 12 (Part 3), page 49 — 53.

Jancsecz, S., 1991,Definition  Geotechnischer
Parameter Fur Den Einsatz Von
Schildvertriecbsmachinen Mit Suspensionsgestutzter
Ortsbrust. Proc. STUVA'91, Dusseldorf.

Kooistra, A., dkk, 1998, Appraisal of Stickiness of
Natural Clays of Laboratory Test, Faculty of Civil
Engineering and Geosciences, Delft University of
Technology.

Sutono, S, dkk., 2006, Sifat Fisik dan Metode
Analisisnya :Penctapan Plastisitas Tanah,Balai Besar
Penelitian dan Pengembangan Pertanian, Departemen
Pertanian , Jakarta.

Tagar, A.A., etal, 2013, Soil Failure Patterns and Draft
as Influenced by Consistency Limit, Soil and Tillage
Research 137, page 58 -66.

Ukiman, 2009, Karakteristik Indeks Plastisitas Tanah
Terhadap Tegangan Geser dan Regangan Geser,
Wahana Tenik Sipil Vol. 14 No. 1 April 2009, 29-37.

Ramadhani, T., dkk, 2015, Hubungan Batas Cair dan
Plastisitas Indeks Tanah Lempung yang Disubstitusi
Pasir Terhadap Nilai Kohesi Tanah Pada Uji Direct
Shear, JRSDD Edisi Juni 2015 Vol. 3 No. 2, Hal. 291-
302.

Russell, E.R., Mickle, J.L., 1970, Liquid Limit Values
of Soil Moisture Tension, Journal of Soil Mechanics
and Foundations Divisions 96, 967-987.

Vilde, A. Dan Tanas, W., 2005, Determination of The
Soil Friction Coefficient and Specific Adhesion,
TEKA Kom. Mot. Energ. Roln, page 212 — 216.

Watson, K., dan Pennock, D., 2016, Field Handbook
for The Soils of Western Canada Section 3 : Soil
Profile Description, NRC Research Press, Ottawa.

Yusu, Y.,dan Dechao, Z., 1990, Investigation Of The
Relationship Between Soil-Metal Friction and Sliding
Speed, Journal of Terramechanics, Vol. 27, No. 4, page
283-290.




An Analysis of Materials Adhesivity Level on Excavator’'s Bucket
in Open Pit Coal Mining

ORIGINALITY REPORT

2% % % 2%

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS
PRIMARY SOURCES
1 Submitted to School of Business and 20/
0

Management |TB

Student Paper

Exclude quotes On Exclude matches <2%

Exclude bibliography On



