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Abstract— The coal mining method at the West Banko Pit 1 mine is carried out in an open pit mine using a shovel-dump truck system as the 

main tool. The condition of the overburden material consists of top soil and claystone with a strength of 0.2 - 3 MPa. The digging force of the 

Komatsu PC 2000 excavator is 697 kN or 0.697 MPa, so for overburden excavation, the Komatsu D375A ripper support tool is used to feed 

the material. With the specifications of the tools used and the physical and mechanical characteristics of the overburden, it turns out that the 

productivity of the Komatsu PC 2000 excavator is not optimal because the bucket width is larger, namely 2.5 m, while the average depth of 

the material being stripped is only 1.2 m. To optimize the excavator's productivity, blasting activities must be carried out to deliver the 

material. Considering that the pit limit in the western part is close to residential buildings, it is necessary to design a blasting technique to 

reduce ground vibrations which have an effect on slope stability and residential areas around the mine. Based on the results of the analysis of 

overburden blasting at the Banko Pit 2 mine on static and pseudostatic slope stability with the optimal berm simulation, 12 m with a safety 

factor (SF) of 1.5, while the amount of safe explosives for prediction of PVS 3 value, 5 mm / sec is 50 Kg / Delay with a minimum distance of 

500 m from the residential area. The results of the analysis of the area to be blasted are 112.59 hectares and the area that remains ripped is 

134.04 hectares. 
 

Kata-kata kunci: blasting, soil vibration, pseudo-static slope stability, PPV, PPA 

 

 

I. INTRODUCTION 

The coal mining system at the West Banko Pit 1 Mine is 

strip mining using a shovel-dump truck system. Mining 

activities include land clearing, stripping and transportation 

of top soil and overburden, excavating and transporting coal, 

and mine reclamation / revegetation. In overburden 

excavation, the Komatsu PC 2000 backhoe excavator was 

used with a digging force of 626 kN = 0.626 MPa, while the 

overburden material in the form of claystone with 

compressive strength values ranging from 0.2 to 3.0 MPa 

was classified as extremely low strength rock (0.4-1 MPa). 

and very low strength rock (1-5 MPa) according to Broch & 

Franklin 1972 [1] so that it cannot be excavated directly by 

an excavator. To support the excavator's performance, the 

overburden removal is carried out using the Komatsu 

D375A-5 ripper. The excavation of overburden on the 

material that has been milled is not optimal because the 

specifications of the Komatsu PC 2000 excavator and the 

Komatsu D375A-5 ripper used are not yet optimal. To 

increase the productivity of the shovel-dump truck system, it 

is necessary to carry out blasting activities to deliver the 

material. The West and Southwest sections of the pit limit of 

the West Banko Pit 1 North coal mine are close to residential 

areas (Fig 2). In order to increase the efficiency of 

overburden excavation and overcome ground vibrations due 

to blasting and to increase slope stability, it is necessary to 

design blasting geometry, use of explosives, and delay 

systems [2]. 

Soil vibrations caused by blasting activities if it has 

exceeded a certain level can cause disturbance to slope 

stability and damage to the environment around the mine [3]. 

Ground vibrations are usually expressed in terms of peak 

particle velocity (PPV), peak particle acceleration (PPA), 

displacement and acceleration which are strongly influenced 

by the maximum amount of explosives per delay and the 

distance from the measurement point to the blast site. [4]. 

The purpose of this study will discuss the design of 

blasting geometry, use of explosives, and delay systems to 

reduce ground vibrations in residential areas where PPV 

values are below the quality standard threshold value based 

on SNI 7571: 2010. 

The results of this study are expected to be able to 

determine the minimum limit of material blasting by blasting 

and using ripping. 

 



A. Geological Conditions 

Conditions Pit 1 West Banko area is situated with hilly 

morphology. The highest elevation of the hill at ev +135 

masl and the lowest elevation of the valley at ev +55 masl. 

The geological structure condition of the surrounding area is 

influenced by igneous andesite intrusion in the eastern part 

of the existing pit. The contour of the layering structure of 

the Pit 1 West Banko area tends to follow the intrusion zone 

to form a dome with the intrusion zone as the central point. 

So that the direction of the sediment continues to the south 

then slides to the east following the intrusion zone. Fault 

structures tend to be found in areas bordering the andesite 

intrusion zone. 

The existing pit PIT 1 WEST BANKO (Fig 3) has an area 

of 120 hectares, extending following the direction of coal 

strike from north to south with a dip to west. The northern 

part is bordered by coal cropline boundaries, the eastern part 

is bordered by settlements, the western part is limited by the 

andesite intrusion zone, the southern part is the direction of 

the pit continuity. 

The stratigraphy of the Pit 1 West Banko area was 

obtained from the correlation of the drill data of PT Bukit 

Asam Tbk in the Pit 1 West Banko area. The stratigraphy of 

Pit 1 West Banko (Fig 3) is as follows. 

 

 
Fig 1. Stratigraphy Area Pit 1 West Banko 

 

B. Geotechnical Conditions 

The layer of material in the North West Banko Pit 1 area 

is divided into layers of overburden, coal seam, and 

interburden between seams. The dominant overburden layer 

is silty claystone. The coal seams consist of A1, A2, B, and 

C seams. The interburden layer consists of sandy silty 

claystone, silty claystone, and sandy siltstone types. 

The geotechnical parameters used in this study were data 

on density, cohesion, and shear angle in the water-saturated 

material (Table 1). Geotechnical parameter data was 

obtained based on the physical and mechanical properties of 

the rock by PT Bukit Asam Tbk.  

 
TABLE 1 

GEOTECHNICAL PARAMETER PIT 1 WEST BANKO 

 
 

C. Hydrogeological Conditions 

Groundwater around the Pit 1 West Banko area is 

assumed to come from surface infiltration water. Ground 

water sources were not found in the pit openings. The 

groundwater flow in the Pit 1 West Banko area is assumed to 

only follow the layer of the top soil layer. Top soil types 

tend to be loose material with a thickness of 1 - 3 m. The 

next layer has a type of silty claystone material which is 

more impermeable. Hence the water level effect was not 

considered in the analysis. It can be seen based on the state 

of rainfall in the area in Table 2. 

 
TABLE 2 

WEST BANKO RAINFALL DATA 2019 

 

II. MATERIAL AND METHOD 

The location of this research is the coal mining company 

PT Bukit Asam Tbk which is located in Tanjung Enim, 

Muara Enim Regency, South Sumatra Province. The 

location of measurements and observations is in the coal 

mining area of the West Banko Mine Pit 1. 



The stages in this research started from the stage of 

literature study, field observation, data processing and 

analysis, as well as conclusions and suggestions. 

Literature study is carried out to obtain a theoretical basis. 

The theoretical basis used in the pseudo-static slope stability 

analysis is to take into account the ground vibration 

variables due to overburden blasting [4], [5], [8], [9]. In each 

section, the forces acting in the arc avalanche plane are as 

illustrated in Fig 3. 

 

  
 

Fig 2. Map of Orthophoto Pit 1 West Banko 

 

To calculate the safety factor (SF) of pseudo-static slope 

stability, a seismic coefficient or horizontal earthquake 

coefficient (Kh) is required. 

 

                    SF =  (1) 

 

Where: SF = Safety factor, Kh = horizontal earthquake 

coefficient; W = area of each slice; c = cohesion; R = 

landslide radius; h = average height of the slices; b = width 

of the slice; x = the horizontal distance from the center of 

mass of the slice to the center of the moment; α = angle of 

inclination of the slope. 

The seismic coefficient is obtained from measuring 

ground vibrations using a blastmate. This horizontal 

vibration will control the pseudo-static force acting on the 

slope. Seismic acceleration (Kh) is equal to 50% of peak 

ground acceleration (PGA) (ie Kh = 0.5 x a max / g) [5], [6], 

[11]. The seismic coefficient (Kh) is obtained by the 

following equation: 

Where: Kh = horizontal seismic coefficient; 

ad = seismic acceleration corrected (gal); g = gal 

The result of the correlation between the value of the 

calculation of the minimum distance of the rock that is safe 

from rock damage with the graph of the speed of 

propagation of the blasting wave, it is known that the PPV 

value that causes rock damage is 17.20 mm / second (PT. 

KJA), 18.41 mm / second (PTBA) , 16.70 mm / sec (PT. 

BBE) and 16.80 mm / sec (PT. MSJ) [12]. 
 

 

  
Fig 3. Slope Model With Surface Sliding 

 

The second stage of the field study was collecting primary 

data as well as secondary data as follows: Primary data 

includes direct measurement of ground vibrations (during 

blasting activities at a certain distance, data collection on the 

delay system pattern applied, and the amount of explosives 

used); blasting geometry measurements; observe geological 

structures. Secondary data required include maps of research 

locations, as well as geological data; geotechnical (physical 

characteristics and mechanical characteristics) of rocks at the 

study site; previous data on ground vibrations (including 

PPV, PPA, seismic acceleration, distance, number of holes, 

and number of explosives); map of the mining block 

sequence plan. 

The third stage is processing and analyzing data. The 

analysis used to determine the effect of ground vibrations 

due to blasting of overburden on slope stability is to use the 

pseudo-static analysis method with the help of Slide version 

6 and Geostudio 2012 software. By inputting data on 

geological, geotechnical, geohydrological / hydrological 

conditions, and acceleration of ground vibration safety factor 

for mine slopes (single slope, intermediate slope, and overall 

slope) [1]. The results of the pseudo-static slope stability 

analysis by performing a berm simulation on the final slope 

to determine the final slope stability conditions of the three 

simulations. Slope stability analysis is discussed for five 

sections which are critical and safe slope conditions. Also 

discussed how to technically minimize ground vibration 

from overburden blasting effect. 

The conclusions and suggestions are to know the results 

of the berm simulation on the stability of the final slope as a 

company reference in optimizing the overall slope of the 

final slope. In addition, technical recommendations for 

blasting to reduce ground vibrations (system delay, use of 

explosives, and application of controlled blasting methods) 

in order to improve slope stability. 



III. RESULTS AND DISCUSSION 

A. Blasting Activity 

The overburden blasting system at Pit 1 West Banko uses 

a non-electric detonator (nonel) combined with an initiation 

system using a poweradet electric detonator which is 

connected to a blasting machine using a lead wire. Blasting 

geometry Diameter 6.75 inch (200 mm), Burden 8 meters, 

Space 9 meters, Depth 8 meters. The explosives used by 

ANFO consisted of 50 kg of Ammonium Nitrate (AN) and 3 

liters of Fuel Oil (FO) for each blast hole, a loading density 

of 26.5 kg / m and a blasting powder factor of 53 kg / 576 

bcm of 0 , 09 Kg / bcm. The geometry used at the pit 1 

location is the same as the blasting geometry for pit 2 for 

detonating the overburden (Table 3). As well as the 

reference to the use of explosives in pit 1 will follow the 

reference to the use of explosives in pit 2, both non-air deck 

and air deck blasting. 

The blasting delay system is divided into 5 groups, where 

4 groups consist of 20 holes, and 1 group consists of 17 

holes with a delay system for each group using a detonator 

delay of 0 ms, 42 ms, 67 ms, 109 ms, 3000 ms, and inhole. 

detonator 500 ms (Fig 4). If the type of blasting is double 

deck, it uses a 500 ms inhole detonator and a 6000 ms inhole 

detonator to minimize the impact of blasting in the form of 

vibrations generated in the blasting. 

 
TABLE 3  

BLASTING GEOMETRY 

 
 

 
Fig 4. Delay System 

 

The results of measuring ground vibrations based on the 

amount of explosives and the delay system applied to the 

distance function obtained the largest PPV, PVS, and 

Seismic Acceleration for the April - July 2019 period as 

shown in Table 4. 

 
TABLE  4 

GROUND VIBRATION DATA 

 

  

The seismic coefficient (Kh) used for the calculation of 

the safety factor based on the pseudo-static slope stability 

analysis used the June data assumption where the seismic 

acceleration was 0.106 g and PVS 6.110 mm / s at a distance 

of 300 m, then: 

Kh = 0.50 x acceleration (g) 

Kh = 0.50 x 0.11 g = 0.055 g 

When the blasting area approaches the final slope, it is 

necessary to reduce the number of explosives (number of 

explosive holes) per group delay and it is advisable to apply 

the blasting control system of line drilling [10], [7].  

 

B. Analysis of Effect of Soil Vibration 

1. Analysis of Final Slope Stability 

Static slope stability is determined by equilibrium limit 

analysis or pressure deformation analysis. In the analysis of 

the limit of the force equilibrium and or the moment of 

equilibrium for the soil mass above the potential landslide 

plane, it is considered and the soil mass above the plane is 

assumed to be in rigid conditions. The shear force is 

assumed to shift along the landslide surface, which results in 

a safety factor along the surface. 

The effect of mine blasting vibrations spreads through 

the surrounding slopes causing dynamic shear forces that 

have the potential to cause slope landslides. The dynamic 

response of blasting activities needs to be known to 

determine the seismic acceleration which affects the 

dynamic shear force. The value of seismic acceleration is 

determined by selecting the greatest value of the peak 

acceleration of blasting activities around pit 1 West Banko. 

Seismic slope stability analysis can be determined using the 

pseudo-static method approach. 

Potential factors causing mine slope landslides include 

slope geometric parameters, geotechnical parameters 

(physical and mechanical characteristics of slope forming 

materials), geological parameters (lithology and geological 

structures), hydrogeological parameters, ground vibration 

parameters (due to mining blasting and earthquake 

activities), stress parameters regional and time parameters. 

These parameters must be known in analyzing the stability 

of the final slope. 

The geometry of the slope of the existing pit 1 West 

Banko is still in the process of expanding the pit. Mining 

slopes are still active working slopes with a width of 30 m, a 

height of 8 m, and a slope angle of 45 °. Especially in the 

North Low Wall area, the geometry used is single slope 

following the bottom seam coal floor. The analysis is carried 

out by simulating the final level geometry of the existing pit, 

assuming the deepening of the pit is carried out to the lowest 

floor seam layer (floor seam B2). 

The geometry parameters of the final stage follow the 

parameters of the existing pit with a height of 8 m, and a 

single slope angle of 45 ° and a diameter of 15 m. 

Optimization of the overall slope pit limit will be simulated 

with 10 m, 12 m, and 15 m (Table 5). 

The location of the cross section for the berm simulation 

analysis is chosen in an area that has been determined by the 

mining boundary (pit limit) by the company, namely the 

Low Wall section 1 and Low Wall section 2. The highwall 



area will be made a single slope. Sections created with the 

help of Minescape 5.7 software. There are two cross sections 

for the Low Wall area, namely section 1 and section 2 (Fig 

5). 

 
TABLE  5 

FINAL SLOPE GEOMETRY SIMULATION  

 

 

Slopes of section 1 and 2 are simulated against tiered 

slopes (overall slope, intermediate slope and single slope) 

following floor seam B2. Based on the simulation of each 

variable, level geometry, stratigraphic and geotechnical data 

and hydrogeological data were used to analyze the slope 

stability of the static method. 

Overburden material removal activities at the West Banko 

pit 1 mine were renewed using a ripper and to optimize the 

removal activities, blasting activities were carried out against 

the overburden. The distribution of blasting vibrations that 

propagate on the walls of the mining slope causes seismic 

acceleration in the coating area. These factors have the 

potential to cause mining slope instability. The value of 

slope stability due to blasting activities can be determined by 

using the pseudo-static method approach. The pseudo-static 

method of slope stability analysis was performed with 

predetermined berm simulations. 

 

 
Fig 5. Section of Geometry Bench Pit 1 West Banko 

 

The seismic acceleration value (Seismic coefficient) of 

blasting activity at pit 1 West Banko is determined by 

selecting the peak acceleration (g) which has the highest 

effect. The seismic acceleration data for pit 1 West Banko 

consist of transverse, vertical, and longitudinal accelerations. 

In the analysis, the transverse and vertical accelerations are 

assumed to have no major effect on slope instability. The 

value of the greatest longitudinal acceleration with the 

highest PVS value is determined as the seismic acceleration 

of the slope simulation. The seismic acceleration values used 

in the analysis are the highest ground vibrations, namely the 

blasting in June with a longitudinal acceleration of 0.106 g 

and a PVS of 6.110 mm / s with a distance of 300 m (Table 

1), so the Kh value used in calculating the safety factor of 

pseudo-static slope stability is Kh = 0.50 x 0.11 = 0.055 g. 

Slope stability in static conditions is influenced by 

geometric slope parameters, material geotechnical 

parameters and hydrogeological parameters. Based on the 

blasting activity plan at the West Banko pit 1 mine, it adds to 

the effect of seismic acceleration on slope stability. Slope 

stability analysis was conducted to determine the effect of 

these factors on the slope safety factor. Approach is done by 

using the static arc and pseudo static equilibrium limit 

method. 

The analysis stage was carried out by testing the slope 

safety factor (SF) on slope simulations in static and pseudo-

static conditions. Slope modeling was made with 10 m, 12 

m, and 15 m m variables. The geotechnical parameters of the 

slope constituent materials are assumed to be saturated with 

water because the hydrological parameters have a big 

influence in the slope stability analysis. The seismic 

acceleration value used in the pseudo-static slope stability 

analysis is the largest historical longitudinal acceleration, 

namely 0.055 g. 

The areas analyzed were Low Wall section 1 and Low 

Wall section 2. The safety factor (SF) testing was carried out 

on the overall slope, intermediate slope, and single slope. 

Slope stability analysis used rocscience slide v6.0 software 

with the bishop arc equilibrium limit method. 

Slope stability simulation is carried out on modeling with 

variable berms of 10 m, 12 m, 15 m. The results of slope 

stability analysis under static and pseudo-static conditions 

(Appendix,). 

 
TABLE  6 

FS OVERALL SLOPE SECTION 1 

 

 
 

TABLE  7 

FS OVERALL SLOPE SECTION 2 
 

 

 
TABLE  8 

FS OVERALL SLOPE AT LOW WALL 

 
 

Based on the results shown in (Appendix, Tables 6, 7 and 

8) the value of the safety factor increases directly 

proportional to the increase in berm, either in static or 

pseudo-static conditions. In addition, it can be observed that 

in sections with the same diameter, there is a decrease in the 

safety factor (SF) between the slopes with static and pseudo-

static conditions. As in section 2 with a 10 m diameter SF 



value of 1.428 in a pseudo-static slope condition shows a 

much smaller safety factor compared to 1.5 which is the 

standard of safety factors that have been set in the pseudo-

static condition. Whereas with a 12 m diameter, the SF result 

in a static condition = 1.693 (Table 4.10), while the SF result 

in a pseudo-static condition = 1.481 (Table 4.10) with a 

decrease of about 12.5%. The decrease in SF in pseudo-

static conditions is influenced by the value of the 

longitudinal seismic acceleration of 0.055 g due to blasting 

activities. For 15 m with static SF conditions and pseudo-

static SF, the safety factor is far more than 1.5. Therefore, 

the optimal safety factor is with a diameter of 12 m which is 

closest to the SF of 1.5. Therefore, the optimal slope 

modeling is used based on safety both in static conditions 

and in pseudo static conditions, namely by using a diameter 

of 12 m. 

 

 
Fig 6. Pseudo - Static Analysis FS Section 1 Berm 12 m  

 
 

 
Fig 7. Pseudo - Static Analysis FS Section 2 Berm 12 m 

 

 

 
Fig 8. Pseudo - Static Analysis FS Low wall Section 1 Berm 12 m 

 

Slope instability also has the potential for intermediate 

slopes. This is influenced by the geotechnical conditions of 

the material composition (stratigraphy). The value of slope 

stability is determined in the same way as before. The SF 

scope of the final slopes is divided into two, the upper 

intermediate (Appendix) and the lower intermediate. 

The results shown in (Appendix) show the SF results on 

the final slope, both the upper intermediate and the lower 

intermediate, indicating that the safety factor has far 

exceeded the predetermined safety standards. So that the 

cause of disturbance in slope stability is very small, both in 

static conditions and in pseudo static conditions. This is 

due to the material on the slope. 

The upper intermediate SF had a smaller SF when 

compared to the lower intermediate SF. It is also 

influenced by the forming material. The upper intermediate 

is formed by the type of sandy siltstone material, while the 

lower intermediate material is formed from several types 

of harder materials, namely Sandy silty claystone, coal, 

and sandy siltstone. This is what causes the lower 

intermediate SF to be much higher. 

To apply slope stability, both in section 1 and section 2, 

the optimal berm is determined, namely the overall slope, 

upper intermediate and lower intermediate 12 m. With a 

depth of 12 m, the slope will be safe in both static and 

pseudo-static conditions. By applying a berm of 12 m, it 

will be safe to do blasting without worrying about the 

impact of the disturbance on the slope stability of the West 

Banko 1 pit mine. 

 

2. Analisis Pengaruh Peledakan Terhadap Pemukiman 

Scaled distance (SD) is a factor that affects ground 

vibrations, namely the measurement distance divided by the 

root of the amount of explosives per time delay, the scaled 

distance affects the peak vector sum (PVS) value of ground 

vibrations produced by an explosion. This will affect the 

effect of ground vibrations on those caused by blasting 

activities. Efforts to minimize the effects of ground 

vibrations need to be taken measures to control ground 

vibrations so as not to cause danger to residential buildings 

at a certain distance. Therefore, it is necessary to measure 

the ground scraping and the activation of explosives to be 

carried out so that it can predict the safe distance to carry out 

blasting activities at pit 1 West Banko. The PPV or PVS 

threshold value for residential buildings around the mine is 

≤ 5 mm / second considering the building class, in the form 

of buildings with foundations, masonry and cement mortar 

and tied with concrete slopes (SNI 7571: 2010). 

The results of the measurement of the Peak Vector Sum 

(PVS) vs Scaled Distance vibration above can be seen that at 

the PVS value of 7.81 with a distance of 700 meters with a 

hole filling of 50 kg per hole, the scaled distance is 98.994 

(Table 9), while showing a PVS value of 0 , 57 with a 

distance of 1935 meters with a hole filling of 52.91 kg per 

hole obtained a scaled distance of 266.02 (Table 10). So it 

can be concluded also that the distance affects the level of 

ground vibrations, the farther the distance from the blasting 

area, the smaller the level of vibration that occurs and vice 

versa. 

The value of ground vibrations that will occur in the next 

detonation can be predicted in a non-linear regression 

equation. The equation is obtained from the analysis of the 

value of the scaled distance and peak vector sum. Based on 

Table 9 and Table 10, a graph of the relationship between 

scaled distance and peak vector sum is obtained (Fig 9). The 

results of the analysis of the relationship between the scaled 

distance and the actual PVS obtained from the results of 

measuring ground vibrations in the field show that there is a 

strong relationship between the scaled distance (SD) and the 

actual ground vibration (PVS), that is, each decrease in the 



scaled distance value is followed by an increase in the actual 

PVS value and conversely, any increase in the scaled 

distance value is followed by a decrease in the actual PVS 

value. 

 
TABLE  9 

SCALE DISTANCE AND PEAK VECTOR SUM (PVS)  

ELEKTRIC BLASTING 

 
 

TABLE  10 
ANALYSIS SCALE DISTANCE AND PEAK  

VECTOR SUM (PVS)  

 
 

 
Fig 9. Relationship Peak Velocity Sum dan Scaled Distance 

 

The coefficient of determination (R2) from the data 

analysis shows that the R2 value is 0.4505, this indicates that 

the actual PVS is influenced by the scaled distance of 

45.05%, while the rest is influenced by other factors such as 

physical and mechanical characteristics of the rock, lithology 

/ rock bedding. , the geological structure / discontinuity area 

in the form of a joint of the lining in the mine area, the 

influence of groundwater content and others. The constants 

obtained in the equation to find the predictive PVS value are 

K = 7282.2 and M = -1.79. The constant values K and M are 

used to make calculations in predicting the peak vector sum 

amount at a certain scaled distance, to determine the blasting 

design simulation so that it can determine the safe vibration 

of an explosion based on explosives that can be used at 

certain distance (Table 11). So that we get the following 

equation. 

 

                          PVS = 7282,2 x SD-1,79                                     (2) 

 

Ground Vibration Control 

Based on the blasting analysis that has been carried out, 

it is found that the more filling weight is used over a certain 

distance, the greater the value of the resulting ground 

vibration. The resulting ground vibrations can be controlled 

by changing the load weight / delay and determining the 

appropriate circuit pattern according to the conditions of the 

blasting location. PT. Bukit Asam, Tbk. 

Recommended range for getting PVS = 3.5 mm / s With 

a distance of 300 - 1500 m by using the equations that have 

been obtained from simple linear regression analysis, 

predictions can be made by adjusting the fill in the scaled 

distance formula so that the optimum filling is obtained for 

one blasting hole. (Table 11). 

 
TABLE  10 

NUMBER OF SAFE USE OF EXPLOSIVES 

 
 

Based on Table 11, it can be seen that at a distance of 

300 m and 400 m the charge / hole that can be filled is 17.65 

kg and 31.5 kg, respectively, which indicates that the filling 

cannot fill the explosive material with a diameter of 200 mm 

and a depth of 8 m. therefore blasting activities are not 

recommended at this distance. Meanwhile, at a distance of 

500 m, the blast hole filling of 49.03 Kg is able to fulfill the 

filling in the blasting plan, as well as the vibrations 

generated by the safe blasting effect on the surrounding 

settlements, namely 3.5 mm / s With these provisions, at pit 

1 West Banko blasting activities can be carried out with a 

minimum distance of 500 from residential areas. 

C. Analysis of the planned area to be blown up 

By carrying out blasting activities in pit 1 West Banko, it 

is necessary to plan an area that can be blown up. It is 

necessary to consider the blasting activities that will be 

carried out because the effects of the vibrations caused can 

have an impact on residential areas. So it is necessary to 

control blasting in a predetermined area so that the impact of 

blasting vibrations can be minimized and can also narrow 

the safe distance that can be detonated. 



Based on the results of the planned feed area carried out 

at pit 1 West Banko, it has been determined that the delivery 

area is divided into two areas, based on the treatment to be 

carried out, namely the ripping area and the blasting area 

(Fig 9). The ripping area and the blasting area are 246.63 

hectares. 

 

  
Fig 9. Ripping - Blasting Overburden Area 

 

The ripping area shows the areas that are blue. The area 

has a distance from the settlement of less than 500 m so the 

use of blasting is not recommended in that area. The ripping 

area is located in the West highwall area with an area of 

134.04 Ha to be ripped. Whereas the yellow area is an area 

where the reporting activities carried out in that area are 

carried out using the blasting method. The area is more than 

500 m from the residential area so that blasting activities can 

be carried out by adjusting the delay when blasting is carried 

out so that it can minimize ground vibrations which can have 

a bad impact on residential buildings if the vibration effect 

exceeds the predetermined standard. The blasting area in the 

low wall area of the East is 112.59 hectares. With this 

arrangement, it will be safe to carry out activities without 

disturbing residential areas. 

IV. CONCLUSION 

Based on the results of this study, it can be concluded (1) 

The Blasting Design will apply the blasting technique 

applied to the West Banko Pit 2 mine because the lithology 

of the coal deposition material is relatively the same and the 

location is adjacent to the Banko Pit 1 mine, the blasting 

geometry used is 200 mm in diameter, 8 m Burden, 9 m 

space, Depth 8 m, loading density 26.5 kg/ m (2) 

Simulations with 10 m, 12 m and 15 m for analysis of static 

and pseudo static slope stability on the overall slope and 

intermediate slope, the wider the Berm, the higher the value 

of the slope safety factor and the sloping the overall slope 

and the greater the striping ratio. (3 The optimum Berm 

condition is 12 m with a pseudo-static safety factor of at 

least 1.50, the selection of the 12 m berm is taken based on 

the value of the safety factor in section 2 almost close to 1.5 

(long term) in accordance with the Ministerial Decree 1827 

of 2018. (4) Soil vibrations with blasting effects are planned 

for the scale distance for the PVS value set at ≤ 3.5 mm / s 

with the explosive charge per delay having an optimum 

value of 50 kg with a minimum distance of 500 m. (5) The 

area to be blown up is 112.59 Ha, while the area to be ripped 

in the western pit limit area near residential areas with a 

radius of 500 m is 134.04 Ha. 
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Abstract— The coal mining method at the West Banko Pit 1 North  is carried out in an open pit using a shovel-dump truck system. 

Overburden consists of top soil and claystone with a strength of 0.2 – 3 MPa. The digging force of the Komatsu PC 2000 excavator is 0.697 

MPa, so to optimize the productivity of the excavator, it must be carried out using a Komatsu D375A ripper and blasting. Considering that the 

pit limit in the West is close to residential buildings, it is necessary to design the mining area to be ripping and the area to be blasted as well as 

blasting technical design to reduce the impact of ground vibration on slope stability and damage to buildings in residential areas around the 

mine. Based on the results of the analysis of overburden blasting at the West Banko Pit 1 North on the stability of static and pseudostatic 

slopes with the simulation of the optimal berm, the maximum berm is 12 m with a safety factor (SF) of 1.5, while the amount of safe 

explosives for predicting the Peak Vector Sump (PVS) value 3.5 mm/second is 50 Kg/ Delay with a minimum distance of 500 m from 

residential areas. The results of the analysis of the area to be blast are 112.59 Ha and the area that remains ripped is 134.04 Ha.  
 

Keyword: blasting, ground vibration, pseudo-static slope stability, PPV, PPA 

 
 

 

 

I. INTRODUCTION 

The coal mining system at the West Banko Pit 1 North is 

strip mining using a shovel-dump truck system. Mining 

activities include land clearing, stripping and transportation 

of top soil and overburden, excavating and transporting coal, 

and mine reclamation / revegetation. In overburden 

excavation, the Komatsu PC 2000 backhoe excavator was 

used with a digging force of 626 kN = 0.626 MPa, while the 

overburden material in the form of claystone with 

compressive strength values ranging from 0.2 to 3.0 MPa 

was classified as extremely low strength rock (0.4-1 MPa). 

and very low strength rock (2-20 MPa) according to 

Bienawski [1] so that it cannot be excavated directly by an 

excavator. To support the excavator's performance, the 

overburden removal is carried out using the Komatsu 

D375A-5 ripper. The excavation of overburden on the 

material that has been milled is not optimal because the 

specifications of the Komatsu PC 2000 excavator and the 

Komatsu D375A-5 ripper used are not yet optimal [2], [3]. 

To increase the productivity of the shovel-dump truck 

system, it is necessary to carry out blasting activities to 

deliver the material. The West and Southwest sections of the 

pit limit of the West Banko Pit 1 North coal mine are close 

to residential areas (Fig. 2). In order to increase the 

efficiency of overburden excavation and overcome ground 

vibrations due to blasting and to increase slope stability, it is 

necessary to design blasting geometry, use of explosives, 

and delay systems [4], [5]. 

Soil vibrations caused by blasting activities if it has 

exceeded a certain level can cause disturbance to slope 

stability and damage to the environment around the mine [6]. 

Ground vibrations are usually expressed in terms of peak 

particle velocity (PPV), peak particle acceleration (PPA), 

displacement and acceleration which are strongly influenced 

by the maximum amount of explosives per delay and the 

distance from the measurement point to the blast site [6]. 

The purpose of this study will discuss the design of 

blasting geometry, use of explosives, and delay systems to 

reduce ground vibrations in residential areas where PPV 

values are below the quality standard threshold value based 

on SNI 7571: 2010. 

The results of this study are expected to be able to 

determine the minimum limit of material blasting by blasting 

and using ripping. 

 

 

 



A. Geological Conditions 

Conditions West Banko Pit 1 North area is situated with 

hilly morphology. The highest elevation of the hill at ev 

+135 masl and the lowest elevation of the valley at ev +55 

masl. The geological structure condition of the surrounding 

area is influenced by igneous andesite intrusion in the 

eastern part of the existing pit. The contour of the layering 

structure of the West Banko Pit 1 North area tends to follow 

the intrusion zone to form a dome with the intrusion zone as 

the central point. So that the direction of the sediment 

continues to the south then slides to the east following the 

intrusion zone. Fault structures tend to be found in areas 

bordering the andesite intrusion zone. 

The existing pit West Banko Pit 1 North (Fig. 3) has an 

area of 120 hectares, extending following the direction of 

coal strike from north to south with a dip to west. The 

northern part is bordered by coal cropline boundaries, the 

eastern part is bordered by settlements, the western part is 

limited by the andesite intrusion zone, the southern part is 

the direction of the pit continuity. 

The stratigraphy of the West Banko Pit 1 North area was 

obtained from the correlation of the drill data of PT Bukit 

Asam Tbk in the West Banko Pit 1 North area. The 

stratigraphy of West Banko Pit 1 North (Fig. 3) is as follows. 

 

 
Fig. 1 Stratigraphy Area Pit 1 West Banko 

 

B. Geotechnical Conditions 

The layer of material in the West Banko Pit 1 North area 

is divided into layers of overburden, coal seam, and 

interburden between seams. The dominant overburden layer 

is silty claystone. The coal seams consist of A1, A2, B1, B2 

and C seams. The interburden layer consists of sandy silty 

claystone, silty claystone, and sandy siltstone types. 

The geotechnical parameters used in this study were data 

on density, cohesion, and shear angle in the water-saturated 

material (Table 1). Geotechnical parameter data was 

obtained based on the physical and mechanical properties of 

the rock by PT Bukit Asam Tbk.  

 
TABLE 1 

GEOTECHNICAL PARAMETER PIT 1 WEST BANKO 

 
 

C. Hydrogeological Conditions 

Groundwater around the West Banko Pit 1 North area is 

assumed to come from surface infiltration water. Ground 

water sources were not found in the pit openings. The 

groundwater flow in the West Banko Pit 1 North area is 

assumed to only follow the layer of the top soil layer. Top 

soil types tend to be loose material with a thickness of 1 - 3 

m. The next layer has a type of silty claystone material 

which is more impermeable. Hence the water level effect 

was not considered in the analysis. It can be seen based on 

the state of rainfall in the area in Table 2. 

 
TABLE 2 

WEST BANKO RAINFALL DATA 2019 

 

II. MATERIAL AND METHOD 

The location of this research is the coal mining company 

PT Bukit Asam Tbk which is located in Tanjung Enim, 

Muara Enim Regency, South Sumatra Province. The 

location of measurements and observations is in the coal 

mining area of the West Banko Pit 1 North. 



The stages in this research started from the stage of 

literature study, field observation, data processing and 

analysis, as well as conclusions and suggestions. 

Literature study is carried out to obtain a theoretical basis. 

The theoretical basis used in the static and pseudo-static 

slope stability analysis is to take into account the ground 

vibration variables due to overburden blasting [6]–[11]. In 

each section, the forces acting in the arc avalanche plane are 

as illustrated in Fig. 3. 

 

 .  
 

Fig. 2  Map of Orthophoto Pit 1 West Banko 

 

To calculate the safety factor (SF) of pseudo-static slope 

stability, a seismic coefficient or horizontal earthquake 

coefficient (Kh) is required. 

 

                    SF =  (1) 

 

Where: SF = Safety factor, Kh = horizontal earthquake 

coefficient; W = area of each slice; c = cohesion; R = 

landslide radius; h = average height of the slices; b = width 

of the slice; x = the horizontal distance from the center of 

mass of the slice to the center of the moment; α = angle of 

inclination of the slope. 

The seismic coefficient is obtained from measuring 

ground vibrations using a blastmate. This horizontal 

vibration will control the pseudo-static force acting on the 

slope. Seismic acceleration (Kh) is equal to 50% of peak 

ground acceleration (PGA) (ie Kh = 0.5 x a max / g) [7], [8].  

The seismic coefficient (Kh) is obtained by the following 

equation: 

Where: Kh = horizontal seismic coefficient; 

ad = seismic acceleration corrected (gal); g = gal 

The result of the correlation between the value of the 

calculation of the minimum distance of the rock that is safe 

from rock damage with the graph of the speed of 

propagation of the blasting wave, it is known that the PPV 

value that causes rock damage is 17.20 mm / second (PT. 

KJA), 18.41 mm / second (PTBA) , 16.70 mm / sec (PT. 

BBE) and 16.80 mm / sec (PT. MSJ) [12]. 
 

 

  
Fig. 3 Slope Model With Surface Sliding 

 

The second stage of the field study was collecting primary 

data as well as secondary data as follows: Primary data 

includes direct measurement of ground vibrations (during 

blasting activities at a certain distance, data collection on the 

delay system pattern applied, and the amount of explosives 

used); blasting geometry measurements; observe geological 

structures. Secondary data required include maps of research 

locations, as well as geological data; geotechnical (physical 

characteristics and mechanical characteristics) of rocks at the 

study site; previous data on ground vibrations (including 

PPV, PPA, seismic acceleration, distance, number of holes, 

and number of explosives); map of the mining block 

sequence plan. 

The third stage is processing and analyzing data. The 

analysis used to determine the effect of ground vibrations 

due to blasting of overburden on slope stability is to use the 

pseudo-static analysis method with the help of Slide version 

6 and Geostudio 2012 software. By inputting data on 

geological, geotechnical, geohydrological / hydrological 

conditions, and acceleration of ground vibration safety factor 

for mine slopes (single slope, intermediate slope, and overall 

slope) [1]. The results of the pseudo-static slope stability 

analysis by performing a berm simulation on the final slope 

to determine the final slope stability conditions of the three 

simulations. Slope stability analysis is discussed for five 

sections which are critical and safe slope conditions. Also 

discussed how to technically minimize ground vibration 

from overburden blasting effect. 

The conclusions and suggestions are to know the results 

of the berm simulation on the stability of the final slope as a 

company reference in optimizing the overall slope of the 

final slope. In addition, technical recommendations for 

blasting to reduce ground vibrations (system delay, use of 

explosives, and application of controlled blasting methods) 

in order to improve slope stability [10], [11]. 



III. RESULTS AND DISCUSSION 

A. Blasting Activity 

The overburden blasting system at West Banko Pit 1 

North uses a non-electric detonator (nonel) combined with 

an initiation system using a poweradet electric detonator 

which is connected to a blasting machine using a lead wire. 

Blasting geometry Diameter 6.75 inch (200 mm), Burden 8 

meters, Space 9 meters, Depth 8 meters. The explosives used 

by ANFO consisted of 50 kg of Ammonium Nitrate (AN) 

and 3 liters of Fuel Oil (FO) for each blast hole, a loading 

density of 26.5 kg / m and a blasting powder factor of 53 kg 

/ 576 bcm of 0 , 09 Kg / bcm. The geometry used at the pit 1 

location is the same as the blasting geometry for pit 2 for 

detonating the overburden (Table 3). As well as the 

reference to the use of explosives in pit 1 will follow the 

reference to the use of explosives in West Banko pit 2, both 

non-air deck and air deck blasting. 

The blasting delay system is divided into 5 groups, where 

4 groups consist of 20 holes, and 1 group consists of 17 

holes with a delay system for each group using a detonator 

delay of 0 ms, 42 ms, 67 ms, 109 ms, 3000 ms, and inhole. 

detonator 500 ms (Fig. 4). If the type of blasting is double 

deck, it uses a 500 ms inhole detonator and a 6000 ms inhole 

detonator to minimize the impact of blasting in the form of 

vibrations generated in the blasting. 

 
TABLE 3  

BLASTING GEOMETRY 

 
 

 
Fig. 4 Delay System 

 

The results of measuring ground vibrations based on the 

amount of explosives and the delay system applied to the 

distance function obtained the largest PPV, PVS, and 

Seismic Acceleration as shown in Table 4. 

 
TABLE  4 

GROUND VIBRATION DATA 

 

The seismic coefficient (Kh) used for the calculation of 

the safety factor based on the pseudo-static slope stability 

analysis used the data assumption where the seismic 

acceleration was 0.106 g and PVS 6.110 mm / s at a distance 

of 300 m, then: 

Kh = 0.50 x acceleration (g) 

Kh = 0.50 x 0.11 g = 0.055 g 

When the blasting area approaches the final slope, it is 

necessary to reduce the number of explosives (number of 

explosive holes) per group delay and it is advisable to apply 

the blasting control system of line drilling [10], [11].  

 

B. Analysis of Effect of Ground Vibration 

1. Analysis Stability of Final Slope 

Static slope stability is determined by equilibrium limit 

analysis or pressure deformation analysis. In the analysis of 

the limit of the force equilibrium and or the moment of 

equilibrium for the soil mass above the potential landslide 

plane, it is considered and the soil mass above the plane is 

assumed to be in rigid conditions. The shear force is 

assumed to shift along the landslide surface, which results in 

a safety factor along the surface. 

The effect of mine blasting vibrations spreads through 

the surrounding slopes causing dynamic shear forces that 

have the potential to cause slope landslides. The dynamic 

response of blasting activities needs to be known to 

determine the seismic acceleration which affects the 

dynamic shear force. The value of seismic acceleration is 

determined by selecting the greatest value of the peak 

acceleration of blasting activities around West Banko Pit 1 

North. Seismic slope stability analysis can be determined 

using the pseudo-static method approach. 

Potential factors causing mine slope landslides include 

slope geometric parameters, geotechnical parameters 

(physical and mechanical characteristics of slope forming 

materials), geological parameters (lithology and geological 

structures), hydrogeological parameters, ground vibration 

parameters (due to mining blasting and earthquake 

activities), stress parameters regional and time parameters. 

These parameters must be known in analyzing the stability 

of the final slope. 

The geometry of the slope of the existing West Banko Pit 

1 North is still in the process of expanding the pit. Mining 

slopes are still active working slopes with a width of 30 m, a 

height of 8 m, and a slope angle of 45 °. Especially in the 

North Low Wall area, the geometry used is single slope 

following the bottom seam coal floor. The analysis is carried 

out by simulating the final level geometry of the existing pit, 

assuming the deepening of the pit is carried out to the lowest 

floor seam layer (floor seam B2). 

The geometry parameters of the final stage follow the 

parameters of the existing pit with a height of 8 m, and a 

single slope angle of 45 ° and a diameter of 15 m. 

Optimization of the overall slope pit limit will be simulated 

with 10 m, 12 m, and 15 m (Table 5). 

The location of the cross section for the berm simulation 

analysis is chosen in an area that has been determined by the 

mining boundary (pit limit) by the company, namely the 

Low Wall section 1 and Low Wall section 2. The highwall 

area will be made a single slope. Sections created with the 



help of Minescape 5.7 software. There are two cross sections 

for the Low Wall area, namely section 1 and section 2 (Fig 

5). 

 
TABLE  5 

FINAL SLOPE GEOMETRY SIMULATION  

 

Slopes of section 1 and 2 are simulated against tiered 

slopes (overall slope, intermediate slope and single slope) 

following floor seam B2. Based on the simulation of each 

variable, level geometry, stratigraphic and geotechnical data 

and hydrogeological data were used to analyze the slope 

stability of the static method. 

Overburden material removal activities at the West Banko 

Pit 1 North were renewed using a ripper and to optimize the 

removal activities, blasting activities were carried out against 

the overburden. The distribution of blasting vibrations that 

propagate on the walls of the mining slope causes seismic 

acceleration in the coating area. These factors have the 

potential to cause mining slope instability. The value of 

slope stability due to blasting activities can be determined by 

using the pseudo-static method approach. The pseudo-static 

method of slope stability analysis was performed with 

predetermined berm simulations. 

 

 
Fig. 5 Section of Geometry Bench Pit 1 West Banko 

 

The seismic acceleration value (Seismic coefficient) of 

blasting activity at pit 1 West Banko is determined by 

selecting the peak acceleration (g) which has the highest 

effect. The seismic acceleration data for West Banko Pit 1 

North consist of transverse, vertical, and longitudinal 

accelerations. In the analysis, the transverse and vertical 

accelerations are assumed to have no major effect on slope 

instability. The value of the greatest longitudinal 

acceleration with the highest PVS value is determined as the 

seismic acceleration of the slope simulation. The seismic 

acceleration values used in the analysis are the highest 

ground vibrations, namely the blasting in June with a 

longitudinal acceleration of 0.106 g and a PVS of 6.110 mm 

/ s with a distance of 300 m (Table 1), so the Kh value used 

in calculating the safety factor of pseudo-static slope 

stability is Kh = 0.50 x 0.11 = 0.055 g. 

Slope stability in static conditions is influenced by 

geometric slope parameters, material geotechnical 

parameters and hydrogeological parameters. Based on the 

blasting activity plan at the West Banko Pit 1 North, it adds 

to the effect of seismic acceleration on slope stability. Slope 

stability analysis was conducted to determine the effect of 

these factors on the slope safety factor. Approach is done by 

using the static arc and pseudo static equilibrium limit 

method. 

The analysis stage was carried out by testing the slope 

safety factor (SF) on slope simulations in static and pseudo-

static conditions. Slope modeling was made with 10 m, 12 

m, and 15 m m variables. The geotechnical parameters of the 

slope constituent materials are assumed to be saturated with 

water because the hydrological parameters have a big 

influence in the slope stability analysis. The seismic 

acceleration value used in the pseudo-static slope stability 

analysis is the largest historical longitudinal acceleration, 

namely 0.055 g. 

The areas analyzed were Low Wall section 1 and Low 

Wall section 2. The safety factor (SF) testing was carried out 

on the overall slope, intermediate slope, and single slope. 

Slope stability analysis used rocscience slide v 6.0 software 

with the bishop arc equilibrium limit method. 

Slope stability simulation is carried out on modeling with 

variable berms of 10 m, 12 m, 15 m. The results of slope 

stability analysis under static and pseudo-static. 

 
TABLE  6 

FS OVERALL SLOPE SECTION 1 

 
 Overall Slope  

Single 

Berm 

(m) 

Width 

(m) 

Height 

(m) 

Slope 

Angle (*) 

FS 

Static  

FS 

Pseudostatic 

10 296 132 24 1.712 1.517 

12 308 128 23 1.842 1.615 

15 353 128 19 2.102 1.813 

 
TABLE  7 

FS OVERALL SLOPE SECTION 2 
 

 Overall Slope  

Single 

Berm 

(m) 

Width 

(m) 

Height 

(m) 

Slope 

Angle (*) 

FS 

Static  

FS 

Pseudostatic 

10 296 136 25 1.608 1.428 

12 326 134 22 1.693 1.481 

15 376 136 20 1.908 1.646 

 
TABLE  8 

FS OVERALL SLOPE AT LOW WALL 

 Overall Slope  

Single 

Berm 

(m) 

Width 

(m) 

Height 

(m) 

Slope 

Angle 

(*) 

FS 

Static  

FS 

Pseudostati

c 

Lowwall 1 484 143 17 2.585 2.213 

Lowwall 2 425 132 17 2.631 2.247 

 

Based on the results shown in (Tables 6, 7 and 8) the 

value of the safety factor increases directly proportional to 

the increase in berm, either in static or pseudo-static 

conditions. In addition, it can be observed that in sections 

with the same diameter, there is a decrease in the safety 

factor (SF) between the slopes with static and pseudo-static 

conditions. As in section 2 with a 10 m diameter SF value of 



1.428 in a pseudo-static slope condition shows a much 

smaller safety factor compared to 1.5 which is the standard 

of safety factors that have been set in the pseudo-static 

condition. Whereas with a 12 m diameter, the SF result in a 

static condition = 1.693 (Table 4.10), while the SF result in a 

pseudo-static condition = 1.481 (Table 4.10) with a decrease 

of about 12.5%. The decrease in SF in pseudo-static 

conditions is influenced by the value of the longitudinal 

seismic acceleration of 0.055 g due to blasting activities. For 

15 m with static SF conditions and pseudo-static SF, the 

safety factor is far more than 1.5. Therefore, the optimal 

safety factor is with a diameter of 12 m which is closest to 

the SF of 1.5. Therefore, the optimal slope modeling is used 

based on safety both in static conditions and in pseudo static 

conditions, namely by using a diameter of 12 m. 

 

 
Fig. 6 Pseudo - Static Analysis FS HW Section 1 Berm 12 m  

 

 

 
Fig. 7 Pseudo - Static Analysis FS HW Section 2 Berm 12 m 

 
 

 
Fig. 8 Pseudo - Static Analysis FS Low wall Section 1 Berm 12 m 

 

Slope instability also has the potential for intermediate 

slopes. This is influenced by the geotechnical conditions of 

the material composition (stratigraphy). The value of slope 

stability is determined in the same way as before. The 

Safety Factor scope of the final slopes is divided into two, 

the upper intermediate and the lower intermediate. 

The results shown in show the Safety Factor  results on 

the final slope, both the upper intermediate and the lower 

intermediate, indicating that the safety factor has far 

exceeded the predetermined safety standards. So that the 

cause of disturbance in slope stability is very small, both in 

static conditions and in pseudo static conditions. This is 

due to the material on the slope. 

The upper intermediate Safety Factor had a smaller 

Safety Factor when compared to the lower intermediate 

Safety Factor . It is also influenced by the forming 

material. The upper intermediate is formed by the type of 

sandy siltstone material, while the lower intermediate 

material is formed from several types of harder materials, 

namely Sandy silty claystone, coal, and sandy siltstone. 

This is what causes the lower intermediate Safety Factor  

to be much higher. 

To apply slope stability, both in section 1 and section 2, 

the optimal berm is determined, namely the overall slope, 

upper intermediate and lower intermediate 12 m. With a 

depth of 12 m, the slope will be safe in both static and 

pseudo-static conditions. By applying a berm of 12 m, it 

will be safe to do blasting without worrying about the 

impact of the disturbance on the slope stability of the West 

Banko Pit 1 North. 

 

2. Analysis of the Blast Effect on Residential Buildings 

Scaled distance (SD) is a factor that affects ground 

vibrations, namely the measurement distance divided by the 

root of the amount of explosives per time delay, the scaled 

distance affects the peak vector sum (PVS) value of ground 

vibrations produced by an explosion. This will affect the 

effect of ground vibrations on those caused by blasting 

activities. Efforts to minimize the effects of ground 

vibrations need to be taken measures to control ground 

vibrations so as not to cause danger to residential buildings 

at a certain distance. Therefore, it is necessary to measure 

the ground scraping and the activation of explosives to be 

carried out so that it can predict the safe distance to carry out 

blasting activities at West Banko Pit 1 North. The PPV or 

PVS threshold value for residential buildings around the 

mine is ≤ 5 mm / second considering the building class, in 

the form of buildings with foundations, masonry and cement 

mortar and tied with concrete slopes (SNI 7571: 2010). 

The results of the measurement of the Peak Vector Sum 

(PVS) vs Scaled Distance vibration above can be seen that at 

the PVS value of 7.81 with a distance of 700 meters with a 

hole charge of 50 kg per hole, the scaled distance is 98.994 

(Table 9), while showing a PVS value of 0 , 57 with a 

distance of 1935 meters with a hole charge of 52.91 kg per 

hole obtained a scaled distance of 266.02 (Table 10). So it 

can be concluded also that the distance affects the level of 

ground vibrations, the farther the distance from the blasting 

area, the smaller the level of vibration that occurs and vice 

versa. 

The value of ground vibrations that will occur in the next 

detonation can be predicted in a non-linear regression 

equation. The equation is obtained from the analysis of the 

value of the scaled distance and peak vector sum. Based on 

Table 9 and Table 10, a graph of the relationship between 

scaled distance and peak vector sum is obtained (Fig. 9). The 

results of the analysis of the relationship between the scaled 

distance and the actual PVS obtained from the results of 

measuring ground vibrations in the field show that there is a 

strong relationship between the scaled distance (SD) and the 

actual ground vibration (PVS), that is, each decrease in the 



scaled distance value is followed by an increase in the actual 

PVS value and conversely, any increase in the scaled 

distance value is followed by a decrease in the actual PVS 

value. 

 
TABLE  9 

SCALE DISTANCE AND PEAK VECTOR SUM (PVS)  

ELEKTRIC BLASTING 

 

 
 

TABLE  10 

ANALYSIS SCALE DISTANCE AND PEAK  

VECTOR SUM (PVS)  

 
 

 
Fig. 9 Relationship Peak Vector Sum and Scaled Distance 

 

The coefficient of determination (R2) from the data 

analysis shows that the R2 value is 0.4505, this indicates that 

the actual PVS is influenced by the scaled distance of 

45.05%, while the rest is influenced by other factors such as 

physical and mechanical characteristics of the rock, lithology 

/ rock bedding. , the geological structure / discontinuity area 

in the form of a joint of the lining in the mine area, the 

influence of groundwater content and others. The constants 

obtained in the equation to find the predictive PVS value are 

K = 7282.2 and M = -1.79. The constant values K and M are 

used to make calculations in predicting the peak vector sum 

amount at a certain scaled distance, to determine the blasting 

design simulation so that it can determine the safe vibration 

of an explosion based on explosives that can be used at 

certain distance (Table 11). So that we get the following 

equation. 

 

                          PVS = 7282,2 x SD-1,79                                     (2) 

 

Ground Vibration Control 

Based on the blasting analysis that has been carried out, 

it is found that the more charge weight is used over a certain 

distance, the greater the value of the resulting ground 

vibration. The resulting ground vibrations can be controlled 

by changing the load weight / delay and determining the 

appropriate circuit pattern according to the conditions of the 

blasting location. PT. Bukit Asam, Tbk. 

Recommended range for getting PVS = 3.5 mm / s With 

a distance of 300 - 1500 m by using the equations that have 

been obtained from simple linear regression analysis, 

predictions can be made by adjusting the fill in the scaled 

distance formula so that the optimum charge is obtained for 

one blasting hole. (Table 11). 

 
TABLE  11 

NUMBER OF SAFE USE OF EXPLOSIVES 

 

Based on Table 11, it can be seen that at a distance of 

300 m and 400 m the fill / hole that can be filled is 17.65 kg 

and 31.5 kg, respectively, which indicates that the charge 

cannot fill the explosive material with a diameter of 200 mm 

and a depth of 8 m. therefore blasting activities are not 

recommended at this distance. Meanwhile, at a distance of 

500 m, the blast hole charge of 49.03 kg is able to fulfill the 

charge in the blasting plan, as well as the vibrations 

generated by the safe blasting effect on the surrounding 

settlements, namely 3.5 mm / s With these provisions, at 

West Banko Pit 1 North blasting activities can be carried out 

with a minimum distance of 500 from residential areas. 

C. Analysis of the planned area to be blown up 

By carrying out blasting activities in West Banko Pit 1 

North, it is necessary to plan an area that can be blown up. It 

is necessary to consider the blasting activities that will be 

carried out because the effects of the vibrations caused can 

have an impact on residential areas. So it is necessary to 

control blasting in a predetermined area so that the impact of 

blasting vibrations can be minimized and can also narrow 

the safe distance that can be detonated. 

Based on the results of the planned feed area carried out 

at West Banko Pit 1 North, it has been determined that the 

delivery area is divided into two areas, based on the 

treatment to be carried out, namely the ripping area and the 



blasting area (Fig. 10). The ripping area and the blasting area 

are 246.63 hectares. 

 

  
Fig. 10 Ripping - Blasting Overburden Area 

 

The ripping area shows the areas that are blue. The area 

has a distance from the settlement of less than 500 m so the 

use of blasting is not recommended in that area. The ripping 

area is located in the West highwall area with an area of 

134.04 Ha to be ripped. Whereas the yellow area is an area 

where the reporting activities carried out in that area are 

carried out using the blasting method. The area is more than 

500 m from the residential area so that blasting activities can 

be carried out by adjusting the delay when blasting is carried 

out so that it can minimize ground vibrations which can have 

a bad impact on residential buildings if the vibration effect 

exceeds the predetermined standard. The blasting area in the 

low wall area of the East is 112.59 hectares. With this 

arrangement, it will be safe to carry out activities without 

disturbing residential areas. 

IV. CONCLUSION 

Based on the results of this study, it can be concluded (1) 

The Blasting Design will apply the blasting technique 

applied to the West Banko Pit 1 North because the lithology 

of the coal deposition material is relatively the same and the 

location is adjacent to the Banko Pit 1 mine, the blasting 

geometry used is 200 mm in diameter, 8 m Burden, 9 m 

space, Depth 8 m, loading density 26.5 kg / m.. (2) 

Simulations with 10 m, 12 m and 15 m for analysis of static 

and pseudo static slope stability on the overall slope and 

intermediate slope, the wider the Berm, the higher the value 

of the slope safety factor and the sloping the overall slope 

and the greater the striping ratio. (3) The optimum Berm 

condition is 12 m with a pseudo-static safety factor of at 

least 1.50, the selection of the 12 m berm is taken based on 

the value of the safety factor in section 2 almost close to 1.5 

(long term) in accordance with the Ministerial Decree 1827 

of 2018. (4) Ground vibrations with blasting effects are 

planned for the scale distance for the PVS value set at ≤ 3.5 

mm / s with the explosive charge per delay having an 

optimum value of 50 kg with a minimum distance of 500 m. 

(5) The area to be blast is 112.59 Ha, while the area to be 

ripped in the western pit limit area near residential areas with 

a radius of 500 m is 134.04 Ha. 
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Abstract— The coal mining method at the West Banko Pit 1 North is carried out in an open pit using a shovel-dump truck system. 

Overburden consists of top soil and claystone with a strength of 0.2 – 3 MPa. The digging force of the Komatsu PC 2000 excavator is 0.697 

MPa, so to optimize the productivity of the excavator, it must be carried out using a Komatsu D375A ripper and blasting. Considering that the 

pit limit in the West is close to residential buildings, it is necessary to design the mining area to be ripping and the area to be blasted as well as 

blasting technical design to reduce the impact of ground vibration on slope stability and damage to buildings in residential areas around the 

mine. Based on the results of the analysis of overburden blasting at the West Banko Pit 1 North on the stability of static and pseudostatic 

slopes with the simulation of the optimal berm, the maximum berm is 12 m with a safety factor (SF) of 1.5, while the overburden blasting was 

based on research at West Banko pit 2 because the material conditions were relatively the same. The amount of safe explosives for predicting 

the Peak Vector Sump (PVS) value 3.5 mm/second is 50 Kg/ Delay with a minimum distance of 500 m from residential areas. The results of 

the analysis of the area to be blast are 112.59 Ha and the area that remains ripped is 134.04 Ha. 

 

Keyword: blasting, ground vibration, pseudo-static slope stability, PPV, PPA 

 

 
 
 

 
I. INTRODUCTION 

 

 

The coal mining system at the West Banko Pit 1 North is strip 

mining using a shovel-dump truck system. Mining activities 

include land clearing, stripping and transportation of top soil 

and overburden, excavating and transporting coal, and mine 

reclamation / revegetation. In overburden excavation, the 

Komatsu PC 2000 backhoe excavator was used with a digging 

force of 626 kN = 0.626 MPa, while the overburden material  

in the form of claystone with compressive strength values 

ranging from 0.2 to 3.0 MPa was classified as extremely low 

strength rock (0.4-1 MPa). and very low strength rock (2-20 

MPa) according to Bienawski [1] so that it cannot  be 

excavated directly by an excavator. To support the excavator's 

performance, the overburden removal is carried out using the 

Komatsu D375A-5 ripper. The excavation of overburden on 

the material that has been milled is not optimal because the 

specifications of the Komatsu PC 2000 excavator and the 

Komatsu D375A-5 ripper used are not yet optimal [2], [3], [4]. 

To increase the productivity of the shovel-dump truck system, 

it is necessary to carry out blasting activities to deliver the 

material [5], [6], [7], [8]. The West and Southwest sections of 

the pit limit of the West Banko Pit 1 North coal mine are close 

to residential areas (Fig. 2). In order to increase the efficiency 

of overburden excavation and overcome ground vibrations due 

to blasting and to increase slope stability, it is necessary  to 

design blasting geometry, use of explosives, and delay systems  

[9], [10], [11]. 

Soil vibrations caused by blasting activities if it has 

exceeded a certain level can cause disturbance to slope 

stability and damage to the environment around the mine. 

Ground vibrations are usually expressed in terms of peak 

particle velocity (PPV), peak particle acceleration (PPA), 

displacement and acceleration which are strongly influenced 

by the maximum amount of explosives per delay and the 

distance from the measurement point to the blast site [12], 

[13], [14], [15]. 

The purpose of this study will discuss the design of blasting 

geometry, use of explosives, and delay systems to reduce 

ground vibrations in residential areas where PPV values are 

below the quality standard threshold value based on SNI 7571: 

2010 [16]. 

 The results of this study are expected to be able to determine 

the minimum limit of material blasting by blasting and using 

ripping. 



A. Geological Conditions 

Conditions West Banko Pit 1 North area is situated with 

hilly morphology. The highest elevation of the hill at ev +135 

masl and the lowest elevation of the valley at ev +55 masl. 

The geological structure condition of the surrounding area is 

influenced by igneous andesite intrusion in the eastern part of 

the existing pit. The contour of the layering structure of the 

West Banko Pit 1 North area tends to follow the intrusion  

zone to form a dome with the intrusion zone as the central 

point. So that the direction of the sediment continues to the 

south then slides to the east following the intrusion zone. Fault 

structures tend to be found in areas bordering the andesite 

intrusion zone. 

The existing pit West Banko Pit 1 North (Fig. 3) has an  

area of 120 hectares, extending following the direction of coal 

strike from north to south with a dip to west. The northern part 

is bordered by coal cropline boundaries, the eastern part is 

bordered by settlements, the western part is limited by the 

andesite intrusion zone, the southern part is the direction of  

the pit continuity. 

The stratigraphy of the West Banko Pit 1 North area was 

obtained from the correlation of the drill data of PT Bukit 

Asam Tbk in the West Banko Pit 1 North area. The 

stratigraphy of West Banko Pit 1 North (Fig. 3) is as follows. 
 

Fig. 1 Stratigraphy Area Pit 1 West Banko 

 

B. Geotechnical Conditions 

The layer of material in the West Banko Pit 1 North area is 

divided into layers of overburden, coal seam, and interburden 

between seams. The dominant overburden layer is silty 

claystone. The coal seams consist of A1, A2, B1, B2 and C 

seams. The interburden layer consists of sandy silty claystone, 

silty claystone, and sandy siltstone types. 

The geotechnical parameters used in this study were  data 

on density, cohesion, and shear angle in the water-saturated 

material (Table 1). Geotechnical parameter data was obtained 

 

 

 

 

 

 

 

 

TABLE 1 

GEOTECHNICAL PARAMETER PIT 1 WEST BANKO 
 

 
 

C. Hydrogeological Conditions 

Groundwater around the West Banko Pit 1 North area is 

assumed to come from surface infiltration water. Ground 

water sources were not found in the pit openings. The 

groundwater flow in the West Banko Pit 1 North area is 

assumed to only follow the layer of the top soil layer. Top soil 

types tend to be loose material with a thickness of 1 - 3  m. 

The next layer has a type of silty claystone material which is 

more impermeable. Hence the water level effect was not 

considered in the analysis. It can be seen based on the state of 

rainfall in the area in Table 2. 

 
TABLE 2 

WEST BANKO RAINFALL DATA 2019 
 

 
 

II. MATERIAL AND METHOD 

The location of this research is the coal mining company 

PT Bukit Asam Tbk which is located in Tanjung Enim, Muara 

Enim Regency, South Sumatra Province. The location of 

measurements and observations is in the coal mining area of 

the West Banko Pit 1 North. 



The stages in this research started from the stage of 

literature study, field observation, data processing and 

analysis, as well as conclusions and suggestions. 

Literature study is carried out to obtain a theoretical basis. 

The theoretical basis used in the static and pseudo-static slope 

stability analysis is to take into account the ground vibration 

variables due to overburden blasting systems [17], [18], [19], 

[20]. In each section, the forces acting in the arc avalanche 

plane are as illustrated in Fig. 3. 

 

.  

Fig. 2 Map of Orthophoto Pit 1 West Banko 

 

To calculate the safety factor (SF) of pseudo-static slope 

stability, a seismic coefficient or horizontal earthquake 

coefficient (Kh) is required. 

 

SF =                  (1) 

Where: SF = Safety factor, Kh = horizontal earthquake 

coefficient; W = area of each slice; c = cohesion; R = 

landslide radius; h = average height of the slices; b = width of 

the slice; x = the horizontal distance from the center of mass 

of the slice to the center of the moment; α = angle of 

inclination of the slope. 

The seismic coefficient is obtained from measuring ground 

vibrations using a blastmate. This horizontal vibration will 

control the pseudo-static force acting on the slope. Seismic 

acceleration (Kh) is equal to 50% of peak ground acceleration 

(PGA) (ie Kh = 0.5 x a max / g) [21]. The seismic coefficient 

(Kh) is obtained by the following equation: 

Where: Kh = horizontal seismic coefficient; 

ad = seismic acceleration corrected (gal); g = gal 

The result of the correlation between the value of the 

calculation of the minimum distance of the rock that is safe 

from rock damage with the graph of the speed of propagation 

of the blasting wave, it is known that the PPV value that 

causes rock damage is 17.20 mm / second (PT. KJA), 18.41 mm 

/ second (PTBA) , 16.70 mm / sec (PT. BBE) and 16.80 mm / 

sec (PT. MSJ) [22]. 

 

 

Fig. 3 Slope Model With Surface Sliding 

 

The second stage of the field study was collecting primary 

data as well as secondary data as follows: Primary data 

includes direct measurement of ground vibrations (during 

blasting activities at a certain distance, data collection on the 

delay system pattern applied, and the amount of explosives 

used); blasting geometry measurements; observe geological 

structures. Secondary data required include maps of research 

locations, as well as geological data; geotechnical (physical 

characteristics and mechanical characteristics) of rocks at the 

study site; previous data on ground vibrations (including PPV, 

PPA, seismic acceleration, distance, number of holes, and 

number of explosives); map of the mining block sequence 

plan. 

The third stage is processing and analyzing data. The 

analysis used to determine the effect of ground vibrations due 

to blasting of overburden on slope stability is to use the 

pseudo-static analysis method with the help of Slide version 6 

and Geostudio 2012 software. By inputting data on geological, 

geotechnical, geohydrological / hydrological conditions, and 

acceleration of ground vibration safety factor for mine slopes 

(single slope, intermediate slope, and overall slope [1]. The 

results of the pseudo-static slope stability analysis by 

performing a berm simulation on the final slope to determine 

the final slope stability conditions of the three simulations. 

Slope stability analysis is discussed for five sections which are 

critical and safe slope conditions. Also discussed how to 

technically minimize ground vibration from overburden 

blasting effect. 

The conclusions and suggestions are to know the results of 

the berm simulation on the stability of the final slope as a 

company reference in optimizing the overall slope of the final 

slope. In addition, technical recommendations for blasting to 

reduce ground vibrations (system delay, use of explosives, and 

application of controlled blasting methods) in order to 

improve slope stability [14], [15]. 
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Flow chart of research as shown in figure 4. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4 Flow Chart of Research 

 

 

III. RESULTS AND DISCUSSION 

A. Blasting Activity 

The overburden blasting system at West Banko Pit 1 North 

uses a non-electric detonator (nonel) combined with an 

initiation system using a poweradet electric detonator which is 

connected to a blasting machine using a lead wire. Blasting 

geometry Diameter 6.75 inch (200 mm), Burden 8 meters, 

Space 9 meters, Depth 8 meters. The explosives used by 

ANFO consisted of 50 kg of Ammonium Nitrate (AN) and 3 

liters of Fuel Oil (FO) for each blast hole, a loading density of 

26.5 kg / m and a blasting powder factor of 53 kg / 576 bcm of 

0 , 09 Kg / bcm. The geometry used at the pit 1 location is the 

same as the blasting geometry for pit 2 for detonating the 

overburden (Table 3). As well as the reference to the use of 

explosives in pit 1 will follow the reference to the use of 

explosives in West Banko pit 2, both non-air deck and air 

deck blasting. 

The blasting delay system is divided into 5 groups, where 4 

groups consist of 20 holes, and 1 group consists of 17 holes 

with a delay system for each group using a detonator delay of 

0 ms, 42 ms, 67 ms, 109 ms, 3000 ms, and inhole. detonator 

500 ms (Fig. 5). If the type of blasting is double deck, it uses a 

500 ms inhole detonator and a 6000 ms inhole detonator to 

minimize the impact of blasting in the form of vibrations 

generated in the blasting. 

 

 

 

 

 

 

 

 

 

 

TABLE 3 

BLASTING GEOMETRY 
 

 

 

Fig. 5 Delay System 

 

The results of measuring ground vibrations based on the 

amount of explosives and the delay system applied to the 

distance function obtained the largest PPV, PVS, and Seismic 

Acceleration as shown in Table 4. 

 
TABLE  4 

GROUND VIBRATION DATA 
 

 
The seismic coefficient (Kh) used for the calculation of the 

safety factor based on the pseudo-static slope stability analysis 

used the data assumption where the seismic acceleration was 

0.106 g and PVS 6.110 mm / s at a distance of 300 m, then: 

Kh = 0.50 x acceleration (g) 
Kh = 0.50 x 0.11 g = 0.055 g 

When the blasting area approaches the final slope, it is 

necessary to reduce the number of explosives (number of 

explosive holes) per group delay and it is advisable to apply 

the blasting control system of line drilling [14]. 

 
B. Analysis of Effect of Ground Vibration 

1. Analysis Stability of Final Slope 

Static slope stability is determined by equilibrium limit 

analysis or pressure deformation analysis. In the analysis of 

the limit of the force equilibrium and or the moment of 

equilibrium for the soil mass above the potential landslide 

plane, it is considered and the soil mass above the plane is 

assumed to be in rigid conditions. The shear force is assumed 

to shift along the landslide surface, which results in a safety 

factor along the surface. 

The effect of mine blasting vibrations spreads through the 

surrounding slopes causing dynamic shear forces that have the 

potential to cause slope landslides. The dynamic response of 

blasting activities needs to be known to determine the seismic 

acceleration which affects the dynamic shear force. The value 

of seismic acceleration is determined by selecting the greatest 
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value of the peak acceleration of blasting activities around 

West Banko Pit 1 North. Seismic slope stability analysis can 

be determined using the pseudo-static method approach. 

Potential factors causing mine slope landslides include 

slope geometric parameters, geotechnical parameters (physical 

and mechanical characteristics of slope forming materials), 

geological parameters (lithology and geological structures), 

hydrogeological parameters, ground vibration parameters (due 

to mining blasting and earthquake activities), stress 

parameters regional and time parameters. These parameters 

must be known in analyzing the stability of the final slope. 

The geometry of the slope of the existing West Banko Pit 

1 North is still in the process of expanding the pit. Mining 

slopes are still active working slopes with a width of 30 m, a 

height of 8 m, and a slope angle of 45 °. Especially in the 

North Low Wall area, the geometry used is single slope 

following the bottom seam coal floor. The analysis is carried 

out by simulating the final level geometry of the existing pit, 

assuming the deepening of the pit is carried out to the lowest 

floor seam layer (floor seam B2). 

The geometry parameters of the final stage follow the 

parameters of the existing pit with a height of 8 m, and a 

single slope angle of 45 ° and a diameter of 15 m. 

Optimization of the overall slope pit limit will be simulated 

with 10 m, 12 m, and 15 m (Table 5). 

The location of the cross section for the berm simulation 

analysis is chosen in an area that has been determined by the 

mining boundary (pit limit) by the company, namely the Low 

Wall section 1 and Low Wall section 2. The highwall area will 

be made a single slope. Sections created with the help of 

Minescape 5.7 software. There are two cross sections for the 

Low Wall area, namely section 1 and section 2 (Fig 6). 

 
TABLE 5 

FINAL SLOPE GEOMETRY SIMULATION 
 

 

Slopes of section 1 and 2 are simulated against tiered slopes 

(overall slope, intermediate slope and single slope) following 

floor seam B2. Based on the simulation of each variable, level 

geometry, stratigraphic and geotechnical data and 

hydrogeological data were used to analyze the slope stability 

of the static method. 

Overburden material removal activities at the West Banko Pit 

1 North were renewed using a ripper and to optimize the 

removal activities, blasting activities were carried out against 

the overburden. The distribution of blasting vibrations that 

propagate on the walls of the mining slope causes seismic 

acceleration in the coating area. These factors have the 

potential to cause mining slope instability. The value of slope 

stability due to blasting activities can be determined by using 

the pseudo-static method approach. The pseudo-static method 

of slope stability analysis was performed with predetermined 

berm simulations. 

 

 
Fig. 6 Section of Geometry Bench Pit 1 West Banko 

 

The seismic acceleration value (Seismic coefficient) of 

blasting activity at pit 1 West Banko is determined by 

selecting the peak acceleration (g) which has the highest 

effect. The seismic acceleration data for West Banko Pit 1 

North consist of transverse, vertical, and longitudinal 

accelerations. In the analysis, the transverse and vertical 

accelerations are assumed to have no major effect on slope 

instability. The value of the greatest longitudinal acceleration 

with the highest PVS value is determined as the seismic 

acceleration of the slope simulation. The seismic acceleration 

values used in the analysis are the highest ground vibrations, 

namely the blasting in June with a longitudinal acceleration of 

0.106 g and a PVS of 6.110 mm / s with a distance of 300 m 

(Table 1), so the Kh value used in calculating the safety factor 

of pseudo-static slope stability is Kh = 0.50 x 0.11 = 0.055 g. 

Slope stability in static conditions is influenced by 

geometric slope parameters, material geotechnical parameters 

and hydrogeological parameters. Based on the  blasting 

activity plan at the West Banko Pit 1 North, it adds to the 

effect of seismic acceleration on slope stability. Slope stability 

analysis was conducted to determine the effect of these factors 

on the slope safety factor. Approach is done by using the static 

arc and pseudo static equilibrium limit method. 

The analysis stage was carried out by testing the slope 

safety factor (SF) on slope simulations in static and pseudo- 

static conditions. Slope modeling was made with 10 m, 12 m, 

and 15 m m variables. The geotechnical parameters of the 

slope constituent materials are assumed to be saturated with 

water because the hydrological parameters have a big 

influence in the slope stability analysis. The seismic 

acceleration value used in the pseudo-static slope stability 

analysis is the largest historical longitudinal acceleration, 

namely 0.055 g. 

The areas analyzed were Low Wall section 1 and Low 

Wall section 2. The safety factor (SF) testing was carried out 

on the overall slope, intermediate slope, and single slope. 

Slope stability analysis used rocscience slide v 6.0 software 

with the bishop arc equilibrium limit method. 

Slope stability simulation is carried out on modeling with 

variable berms of 10 m, 12 m, 15 m. The results of slope 

stability analysis under static and pseudo-static. 

 
TABLE 6 

FS OVERALL SLOPE SECTION 1 
 

 

 
 

 

 
 

 

 
 

 

 

 Overall Slope 

Single 

Berm 

(m) 

Width 

(m) 

Height 

(m) 

Slope 

Angle (*) 

FS 

Static 

FS 

Pseudostatic 

10 296 132 24 1.712 1.517 

12 308 128 23 1.842 1.615 

15 353 128 19 2.102 1.813 

 



 

TABLE 7 

FS OVERALL SLOPE SECTION 2 

 
 Overall Slope 

Single 

Berm 

(m) 

Width 

(m) 

Height 

(m) 

Slope 

Angle (*) 

FS 

Static 

FS 

Pseudostatic 

10 296 136 25 1.608 1.428 

12 326 134 22 1.693 1.481 

15 376 136 20 1.908 1.646 

 
TABLE 8 

FS OVERALL SLOPE AT LOW WALL 
 

 Overall Slope 

Single 

Berm 

(m) 

Width 

(m) 

Height 

(m) 

Slope 

Angle 

(*) 

FS 

Static 

FS 

Pseudostati 

c 

Lowwall 1 484 143 17 2.585 2.213 

Lowwall 2 425 132 17 2.631 2.247 

 

Based on the results shown in Tables 6, 7 and 8 (Fig. 

7,8,9) the value of the safety factor increases directly 

proportional to the increase in berm, either in static or pseudo- 

static conditions. In addition, it can be observed that in 

sections with the same diameter, there is a decrease in the 

safety factor (SF) between the slopes with static and pseudo- 

static conditions. As in section 2 with a 10 m diameter SF 

value of 1.428 in a pseudo-static slope condition shows a 

much smaller safety factor compared to 1.5 which is the 

standard of safety factors that have been set in the pseudo- 

static condition. Whereas with a 12 m diameter, the SF result 

in a static condition = 1.693 (Table 4.10), while the SF result 

in a pseudo-static condition = 1.481 (Table 4.10) with a 

decrease of about 12.5%. The decrease in SF in pseudo-static 

conditions is influenced by the value of the longitudinal 

seismic acceleration of 0.055 g due to blasting activities. For 

15 m with static SF conditions and pseudo-static SF, the  

safety factor is far more than 1.5. Therefore, the  optimal 

safety factor is with a diameter of 12 m which is closest to the 

SF of 1.5. Therefore, the optimal slope modeling is used based 

on safety both in static conditions and in pseudo static 

conditions, namely by using a diameter of 12 m. 
 

Fig. 7 Pseudo - Static Analysis FS HW Section 1 Berm 12 m 

 

 

 

 

 

 

 

 

 

 
 

 
Fig. 8 Pseudo - Static Analysis FS HW Section 2 Berm 12 m 

 

 

 
Fig. 9 Pseudo - Static Analysis FS Low wall Section 1 Berm 12 m 

 

Slope instability also has the potential for intermediate 

slopes. This is influenced by the geotechnical conditions of 

the material composition (stratigraphy). The value of slope 

stability is determined in the same way as before. The Safety 

Factor scope of the final slopes is divided into two,  the 

upper intermediate and the lower intermediate. 

The results shown in show the Safety Factor results on  

the final slope, both the upper intermediate and the lower 

intermediate, indicating that the safety factor has far 

exceeded the predetermined safety standards. So that the 

cause of disturbance in slope stability is very small, both in 

static conditions and in pseudo static conditions. This is due 

to the material on the slope. 

The upper intermediate Safety Factor had a smaller Safety 

Factor when compared to the lower intermediate Safety 

Factor. It is also influenced by the forming material. The 

upper intermediate is formed by the type of sandy siltstone 

material, while the lower intermediate material is formed 

from several types of harder materials, namely Sandy silty 

claystone, coal, and sandy siltstone. This is what causes the 

lower intermediate Safety Factor to be much higher. 

To apply slope stability, both in section 1 and section 2, the 

optimal berm is determined, namely the overall slope, upper 

intermediate and lower intermediate 12 m. With a depth of 

12 m, the slope will be safe in both static and pseudo-static 

conditions. By applying a berm of 12 m, it will be safe to do 

blasting without worrying about the impact of the 

disturbance on the slope stability of the West Banko Pit 1 

North. 

 

2. Analysis of the Blast Effect on Residential Buildings 

Scaled distance (SD) is a factor that affects ground vibrations, 

namely the measurement distance divided by the root of the 

amount of explosives per time delay, the scaled distance affects 

the peak vector sum (PVS) value of ground vibrations produced 

by an explosion. This will affect the effect of ground vibrations 

on those caused by blasting activities. Efforts to minimize the 

effects of ground vibrations need to be taken measures to 

control ground vibrations so as not to cause danger to residential 

buildings at a certain distance. Therefore, it is necessary to 

measure the ground scraping and the activation of explosives to 

be carried out so that it can predict the safe distance to carry out 

blasting activities at West Banko Pit 1 North. The PPV or PVS 

threshold value for residential buildings around the mine is ≤ 5 

mm / second considering the building class, in the form of 

buildings with foundations, masonry and cement mortar and tied 

with concrete slopes (SNI 7571: 2010). 

 

 

 

 

 



 The results of the measurement of the Peak Vector Sum (PVS) 

vs Scaled Distance vibration above can be seen that at the PVS 

value of 7.81 with a distance of 700 meters with a hole charge of 

50 kg per hole, the scaled distance is 98.994 (Table 9), while 

showing a PVS value of 0 , 57 with a distance of 1935 meters 

with a hole charge of 52.91 kg per hole obtained a scaled 

distance of 266.02 (Table 10). So it can be concluded also that 

the distance affects the level of ground vibrations, the farther the 

distance from the blasting area, the smaller the level of vibration 

that occurs and vice versa. 

The value of ground vibrations that will occur in the next 

detonation can be predicted in a non-linear regression 

equation. The equation is obtained from the analysis of the 

value of the scaled distance and peak vector sum. Based on 

Table 9 and Table 10, a graph of the relationship between 

scaled distance and peak vector sum is obtained (Fig. 10). The 

results of the analysis of the relationship between the scaled 

distance and the actual PVS obtained from the results of 

measuring ground vibrations in the field show that there is a 

strong relationship between the scaled distance (SD) and the 

actual ground vibration (PVS), that is, each decrease in the 

scaled distance value is followed by an increase in the actual 

PVS value and conversely, any increase in the scaled distance 

value is followed by a decrease in the actual PVS value. 

 
TABLE 9 

SCALE DISTANCE AND PEAK VECTOR SUM (PVS) 
ELEKTRIC BLASTING 

 

 
TABLE 10 

ANALYSIS SCALE DISTANCE AND PEAK 
VECTOR SUM (PVS) 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

Fig. 10. Relationship Peak Vector Sum and Scaled Distance 

 

 

 

 

 

The coefficient of determination (R2) from the data 

analysis shows that the R2 value is 0.4505, this indicates that 

the actual PVS is influenced by the scaled distance of 45.05%, 

while the rest is influenced by other factors such as physical 

and mechanical characteristics of the rock, lithology / rock 

bedding. , the geological structure / discontinuity area in the 

form of a joint of the lining in the mine area, the influence of 

groundwater content and others. The constants obtained in the 

equation to find the predictive PVS value are K = 7282.2 and 

M = -1.79. The constant values K and M are used to make 

calculations in predicting the peak vector sum amount at a 

certain scaled distance, to determine the blasting design 

simulation so that it can determine the safe vibration of an 

explosion based on explosives that can be used at certain 

distance (Table 11). So that we get the following equation. 

 

PVS = 7282,2 x SD-1,79 (2) 

 
Ground Vibration Control 

Based on the blasting analysis that has been carried out, it 

is found that the more charge weight is used over a certain 

distance, the greater the value of the resulting ground 

vibration. The resulting ground vibrations can be controlled  

by changing the load weight / delay and determining the 

appropriate circuit pattern according to the conditions of the 

blasting location. PT. Bukit Asam, Tbk. 

Recommended range for getting PVS = 3.5 mm / s With a 

distance of 300 - 1500 m by using the equations that have 

been obtained from simple linear regression analysis, 

predictions can be made by adjusting the fill in the scaled 

distance formula so that the optimum charge is obtained for 

one blasting hole. (Table 11). 

 
TABLE 11 

NUMBER OF SAFE USE OF EXPLOSIVES 

 
 

 
 

 

 
 

 

 
 

 

 
 

 

 

 

 

Based on Table 11, it can be seen that at a distance of 300 m 

and 400 m the fill / hole that can be filled is 17.65 kg and 

31.5 kg, respectively, which indicates that the charge cannot fill 

the explosive material with a diameter of 200 mm and a depth of 

8 m. therefore blasting activities are not recommended at this 

distance. Meanwhile, at a distance of  500 m, the blast hole 

charge of 49.03 kg is able to fulfill the charge in the blasting 

plan, as well as the vibrations generated by the safe blasting 

effect on the surrounding settlements, namely 3.5 mm / s With 

these provisions, at West Banko Pit 1 North blasting activities 

can be carried out with a minimum distance of 500 from 

residential areas. 



 
 

C. Analysis of the planned area to be blown up 

By carrying out blasting activities in West Banko Pit 1 

North, it is necessary to plan an area that  can be blown up. It 

is necessary to consider the blasting activities that will be 

carried out because the effects of the vibrations caused can 

have an impact on residential areas. So it is necessary to 

control blasting in a predetermined area so that the impact of 

blasting vibrations can be minimized and can also narrow the 

safe distance that can be detonated. 

Based on the results of the planned feed area carried out at 

West Banko Pit 1 North, it has been determined that the 

delivery area is divided into two areas, based on the treatment 

to be carried out, namely the ripping area and the blasting area 

(Fig. 11). The ripping area and the blasting area are 246.63 

hectares. 
 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

Fig. 11. Ripping - Blasting Overburden Area 
 

The ripping area shows the areas that are blue. The area 

has a distance from the settlement of less than 500 m so the 

use of blasting is not recommended in that area. The ripping 

area is located in the West highwall area with an area of 

134.04 Ha to be ripped. Whereas the yellow area is an area 

where the reporting activities carried out in that area are 

carried out using the blasting method. The area is more than 

500 m from the residential area so that blasting activities can 

be carried out by adjusting the delay when blasting is carried 

out so that it can minimize ground vibrations which can have  

a bad impact on residential buildings if the vibration effect 

exceeds the predetermined standard. The blasting area in the 

low wall area of the East is 112.59 hectares. With this 

arrangement, it will be safe to carry out activities without 

disturbing residential areas. 
 

IV. CONCLUSION 

The Blasting Design will apply the blasting technique 

applied to the West Banko Pit 1 North because the  lithology 

of the coal deposition material is relatively the same and the 

location is adjacent to the West Banko Pit 2, the blasting 

geometry used is 200 mm in diameter, 8 m Burden, 9 m space, 

Depth 8 m, loading density 26.5 kg / m. 

Simulations with 10 m, 12 m and 15 m for analysis of 

static and pseudo static slope stability on the overall slope and 

intermediate slope, the wider the Berm, the higher the value of 

the slope safety factor and the sloping the overall slope and 

the greater the striping ratio. The optimum Berm condition is 

12 m with a pseudo-static safety factor of at least 1.50, the 

selection of the 12 m berm is taken based on the value of the 

safety factor in section 2 almost close to 1.5 (long term) in 

accordance with the Ministerial Decree 1827 of 2018. 

Recommendation ground vibrations with blasting effects are 

planned for the scale distance for the PVS value set at ≤ 3.5 

mm / s with the explosive charge per delay having an optimum 

value of 50 kg with a minimum distance of 500 m. 

The area to be blast is 112.59 Ha, while the area to be ripped 

in the western pit limit  area near residential areas with a radius 

of 500 m is 134.04 Ha. 
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Abstract— The coal mining method at the Pit 1 North West Banko is carried out in an open pit using a shovel-dump truck system. 

Overburden consists of top soil and claystone with a strength of 0.2 – 3 MPa. The digging force of the Komatsu PC 2000 excavator is 

0.697 MPa, so to optimize the productivity of the excavator, it must be carried out using a Komatsu D375A ripper and blasting. 

Considering that the pit limit in the West is close to residential buildings, it is necessary to design the mining area to be ripping and 

the area to be blasted as well as blasting technical design to reduce the impact of ground vibration on slope stability and damage to 

buildings in residential areas around the mine. Based on the results of the analysis of overburden blasting at the Pit 1 North West 

Banko on the stability of static and pseudostatic slopes with the simulation of the optimal berm, the maximum berm is 12 m with a 

safety factor (SF) of 1.5, while the overburden blasting was based on research at West Banko pit 2 because the material conditions 

were relatively the same. The amount of safe explosives for predicting the Peak Vector Sump (PVS) value 3.5 mm/second is 50 Kg/ 

Delay with a minimum distance of 500 m from residential areas. The results of the analysis of the area to be blast are 112.59 Ha and 

the area that remains ripped is 134.04 Ha.  

 

Keywords— blasting; ground vibration; pseudo-static slope stability; PPV; PPA. 
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I. INTRODUCTION 

The coal mining system at the Pit 1 North West Banko is 

strip mining using a shovel-dump truck system. Mining 

activities include land clearing, stripping and transportation 

of top soil and overburden, excavating and transporting coal, 

and mine reclamation / revegetation. In overburden 

excavation, the Komatsu PC 2000 backhoe excavator was 

used with a digging force of 626 kN = 0.626 MPa, while the 

overburden material  in the form of claystone with 

compressive strength values ranging from 0.2 to 3.0 MPa 

was classified as extremely low strength rock (0.4-1 MPa). 

and very low strength rock (2-20 MPa) according to 

Bienawski [1], [2] so that it cannot  be excavated directly by 

an excavator. To support the excavator's performance, the 

overburden removal is carried out using the Komatsu 

D375A-5 ripper. The excavation of overburden on the 

material that has been dug is not optimal because the 

specifications of the Komatsu PC 2000 excavator and the 

Komatsu D375A-5 ripper used are not yet optimal [3]. To 

increase the productivity of the shovel-dump truck system, it 

is necessary to carry out blasting activities to deliver the 

material [4], [5]. The West and Southwest area of the pit 

limit of the Pit 1 North West Banko coal mine are close to 

residential areas. In order to increase the efficiency of 

overburden excavation and overcome ground vibrations due 

to blasting and to increase slope stability, it is necessary  to 

design blasting geometry, use of explosives, and delay 

systems [6], [7].  

Soil vibrations caused by blasting activities if it has 

exceeded a certain level can cause disturbance to slope 

stability and damage to the environment around the mine. 

Ground vibrations are usually expressed in terms of peak 

particle velocity (PPV), peak particle acceleration (PPA), 

displacement and acceleration which are strongly influenced 

by the maximum amount of explosives per delay and the 

distance from the measurement point to the blast site [8]–

[13]. 

The purpose of this study will discuss the design of 

blasting geometry, use of explosives, and delay systems to 

reduce ground vibrations in residential areas where PPV 



values are below the quality standard threshold value based 

on SNI 7571: 2010. 

The results of this study are expected to be able to 

determine the minimum limit of material blasting by blasting 

and using ripping. 

A. Geological Conditions 

Conditions Pit 1 North West Banko area is situated with 

hilly morphology. The highest elevation of the hill at ev 

+135 masl and the lowest elevation of the valley at ev +55 

masl. The geological structure condition of the surrounding 

area is influenced by igneous andesite intrusion in the 

eastern part of the existing pit. The contour of the layering 

structure of the Pit 1 North West Banko area tends to follow 

the intrusion  zone to form a dome with the intrusion zone as 

the central point. So that the direction of the sediment 

continues to the south then slides to the east following the 

intrusion zone. Fault structures tend to be found in areas 

bordering the andesite intrusion zone. 

The existing pit Pit 1 North West Banko has an  area of 

120 hectares, extending following the direction of coal strike 

from north to south with a dip to west. The northern part is 

bordered by coal cropline boundaries, the eastern part is 

bordered by settlements, the western part is limited by the 

andesite intrusion zone, the southern part is the direction of  

the pit continuity. 

The stratigraphy of the Pit 1 North West Banko area was 

obtained from the correlation of the drill data of PT Bukit 

Asam Tbk in the Pit 1 North West Banko area. The 

stratigraphy of Pit 1 North West Banko (Fig. 1) is as follows. 

 

 
Fig. 1 Stratigraphy Area Pit 1 West Banko 

B. Geotechnical Conditions 

The layer of material in the Pit 1 North West Banko area 

is divided into layers of overburden, coal seam, and 

interburden between seams. The dominant overburden layer 

is silty claystone. The coal seams consist of A1, A2, B1, B2 

and C seams. The interburden layer consists of sandy silty 

claystone, silty claystone, and sandy siltstone types. 

The geotechnical parameters used in this study were  data 

on density, cohesion, and angle of friction in the water-

saturated material. Geotechnical parameter data was 

obtained (Table I). 

TABLE I 

GEOTECHNICAL PARAMETER PIT 1 NORTH WEST BANKO  

 

No 

 

Material  

D (ton/m3) UCS σ C Φ 

In-Situ Bulk (Mpa) (MPa) (KPa) (o) 

1 Top Soil  1.005-1.63 1.53-1.88 0.06-0,199 - 32.81 11.2-24.36 

2 OB A1 1.13-2.03 1.35-2.27 1,32 0.47 77.14 3.24-27.16 

3 Seam A1  0.83-0.90 1.18-1.28 7.46 0.18 176.14 15.38-44.18 

4 IB A1-A2 1.34-2.001 1.76-2.17 5.75 0.17 142.41 6.1-30.77 

5 Seam A2 0.89-1.10 1.15-1.35 9.1 0.26 229.86 7.64-40.45 

6 IB A2-B1 0.98-1.92 1.59-2.16 2.02 0.28 107.23 5.6-30 

7 Seam B1 0.80-1.01 1.13-1.32 10.2 0.29 203.07 11.31-38.85 

8 IB B1-B2 1.65-2.24 1.94-2.42 0.4 0.14 126.84 7.64-25.9 

9 Seam B2 0.84-1.03 1.17-1.42 7.23 0.23 254.77 15.37-29.64 

10 IB B2-C 0.93-2.30 1.2-2.46 3.29 0.25 118.2 2.86-127.4 

11 Seam C 0.83-1.89 1.15-2.14 4.64 0.16 201.43 22.79-37.11 
12 Lower C 1.70-2.08 1.96-2.27 2.66 1.27 139.59 9.1-24.39 

C. Hydrogeological Conditions 

Groundwater around the Pit 1 North West Banko area is 

assumed to come from surface infiltration water. Ground 

water sources were not found in the pit openings. The 

groundwater flow in the Pit 1 North West Banko area is 

assumed to only follow the layer of the top soil layer. Top 

soil types tend to be loose material with a thickness of 1 - 3  

m. The next layer has a type of silty claystone material 

which is more impermeable.  

II. MATERIAL AND METHOD 

The location of this research is the coal mining company 

PT Bukit Asam Tbk which is located in Tanjung Enim, 

Muara Enim Regency, South Sumatra Province. The 

location of measurements and observations is in the coal 

mining area of the West Banko Pit 1 North. 

The stages in this research started from the stage of 

literature study, field observation, data processing and 

analysis, as well as conclusions and recomendations. 

Literature study is carried out to obtain a theoretical 

basis. The theoretical basis used in the static and pseudo-

static slope stability analysis is to take into account the 

ground vibration variables due to overburden blasting 

systems [14]–[16]. In each section, the forces acting in the 

arc avalanche plane are as illustrated in Fig. 3. 

 

 

 



 
 

 

 
 

 

 
 

 

 
 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

Fig. 2 Location of coal mining West Banko 1 North  

 

To calculate the safety factor (SF) of pseudo-static slope 

stability, a seismic coefficient or horizontal earthquake 

coefficient (Kh) is required. 

 

SF =                   (1) 

Where: SF = Safety factor, Kh = horizontal earthquake 

coefficient; W = area of each slice; c = cohesion; R = 

landslide radius; h = average height of the slices; b = width 

of the slice; x = the horizontal distance from the center of 

mass of the slice to the center of the moment; α = angle of 

inclination of the slope. 

The seismic coefficient is obtained from measuring 

ground vibrations using a blastmate. This horizontal 

vibration will control the pseudo-static force acting on the 

slope. Seismic acceleration (Kh) is equal to 50% of peak 

ground acceleration (PGA) (ie Kh = 0.5 x a max / g) [17], 

[18]. The seismic coefficient (Kh) is obtained by the 

following equation: 

Kh= 0,5 
��

�
 (2) 

Where: Kh = horizontal seismic coefficient; 

ad = seismic acceleration corrected (gal); g = gal 

 

 

 

 

 

 

 

 

 

 

 

Fig 3. Slope Model With Surface Sliding 

The second stage of the field study was collecting 

primary data as well as secondary data as follows: Primary 

data includes direct measurement of ground vibrations 

(during blasting activities at a certain distance, data 

collection on the delay system pattern applied, and the 

amount of explosives used); blasting geometry 

measurements; observe geological structures. Secondary 

data required include maps of research locations, as well as 

geological data; geotechnical (physical characteristics and 

mechanical characteristics) of rocks at the study site; 

previous data on ground vibrations (including PPV, PPA, 

seismic acceleration, distance, number of holes, and 

number of explosives); map of the mining block sequence 

plan.  

The third stage is processing and analyzing data. The 

analysis used to determine the effect of ground vibrations 

due to blasting of overburden on slope stability is to use 

the pseudo-static analysis method with the help of Slide 

version 6 and Geostudio 2012 software. By inputting data 

on geological, geotechnical, geohydrological / 

hydrological conditions, and acceleration of ground 

vibration, safety factor for mine slopes (single slope, 

intermediate slope, and overall slope [1]. The results of the 

pseudo-static slope stability analysis by performing a berm 

simulation on the final slope to determine the final slope 

stability conditions of the three simulations. Slope stability 

analysis is discussed for four cross sections which are 

critical and safe slope conditions. Also discussed how to 

technically minimize ground vibration from overburden 

blasting effect. 

The conclusions and recomendations are to know the 

results of the berm simulation on the stability of the final 

slope as a company reference in optimizing the overall 

slope of the final slope. In addition, technical 

recommendations for blasting to reduce ground vibrations 

(delay system, use of explosives, and application of 

controlled blasting methods) in order to improve slope 

stability [9], [19], [20]. 

 

 



Flow chart of research as shown in figure 4. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 4 Flow Chart of Research 

III. RESULTS AND DISCUSSION 

A. Blasting Activity 

The overburden blasting system at Pit 1 North West 

Banko uses a non-electric detonator (nonel) combined with 

an initiation system using a poweradet electric detonator 

which is connected to a blasting machine using a lead wire. 

Blasting geometry Diameter 6.75 inch (200 mm), Burden 8 

meters, Space 9 meters, Depth 8 meters. The explosives used 

by ANFO consisted of 50 kg of Ammonium Nitrate (AN) 

and 3 liters of Fuel Oil (FO) for each blast hole, a loading 

density of 26.5 kg / m and a blasting powder factor of 0 , 09 

Kg / bcm. The blasting geometry used at the Pit 1 North 

West Banko  location is the same as the blasting geometry 

for West Banko  Pit 2  for detonating the overburden. As 

well as the reference to the use of explosives in pit 1 will 

follow the reference to the use of explosives in West Banko 

pit 2, both non-air deck and air deck blasting. The blasting 

delay system is divided into 5 groups, where 4 groups 

consist of 20 holes, and 1 group consists of 17 holes with a 

delay system for each group using a detonator delay of 0 ms, 

42 ms, 67 ms, 109 ms, 3000 ms, and inhole. detonator 500 

ms (Fig. 5). If the type of blasting is double deck, it uses a 

500 ms inhole detonator and a 6000 ms inhole detonator to 

minimize the impact of blasting in the form of vibrations 

generated in the blasting. 

The results of measuring ground vibrations based on the 

amount of explosives and the delay system applied to the 

distance function obtained the largest PPV, PVS, and 

Seismic Acceleration as shown in Table II. 

TABLE  II 

GROUND VIBRATION DATA 

No PPV  

(mm/s) 

PVS 

(mm/s) 

Acc 

(g) 

Distance 

(m) 

Holes 

(n) 

Explosive 

(Kg) 

1 7.990 7.990 0.058 200 117 31.75 
2 0.434 0.629 0.040 1700 43 25.40 

3 4.190 6.110 0.106 300 120 25.40 

No PPV  
(mm/s) 

PVS 
(mm/s) 

Acc 
(g) 

Distance 
(m) 

Holes 
(n) 

Explosive 
(Kg) 

4 2.410 2.680 0.106 480 140 31.75 

5 2.160 3.340 0.106 400 122 31.75 

 

The seismic coefficient (Kh) used for the calculation of 

the safety factor based on the pseudo-static slope stability 

analysis used the data assumption where the seismic 

acceleration was 0.106 g and PVS 6.110 mm / s at a distance 

of 300 m, then: Kh = 0.50 x acceleration (g) Kh = 0.50 x 

0.11 g = 0.055 g 

When the blasting area approaches the final slope, it is 

necessary to reduce the number of explosives (number of 

explosive holes) per group delay and it is advisable to apply 

the blasting control system [21].  

 

B. Analysis of Effect of Ground Vibration 

1)  Analysis Stability of Final Slope 

Static slope stability is determined by equilibrium limit 

analysis or pressure deformation analysis. In the analysis of 

the limit of the force equilibrium and or the moment of 

equilibrium for the soil mass above the potential landslide 

plane, it is considered and the soil mass above the plane is 

assumed to be in rigid conditions. The shear force is 

assumed to shift along the landslide surface, which results in 

a safety factor along the surface. 

The effect of mine blasting vibrations spreads through the 

surrounding slopes causing dynamic shear forces that have 

the potential to cause slope landslides. The dynamic 

response of blasting activities needs to be known to 

determine the seismic acceleration which affects the 

dynamic shear force. The value of seismic acceleration is 

determined by selecting the greatest value of the peak 

acceleration of blasting activities around Pit 1 North West 

Banko. Seismic slope stability analysis can be determined 

using the pseudo-static method approach. 

Potential factors causing mine slope landslides include 

slope geometric parameters, geotechnical parameters 

(physical and mechanical characteristics of slope forming 

materials), geological parameters (lithology and geological 

structures), hydrogeological parameters, ground vibration 

parameters (due to mining blasting and earthquake activities), 

stress parameters regional and time parameters [19], [20], 

[22], [23]. These parameters must be known in analyzing the 

stability of the final slope. 

The geometry of the slope of the existing Pit 1 North 

West Banko is still in the process of expanding the pit. 

Mining slopes are still active working slopes with a width of 

30 m, a height of 8 m, and a slope angle of 45 °. Especially 

in the North Low Wall area, the geometry used is single 

slope following the bottom seam coal floor. The analysis is 

carried out by simulating the final level geometry of the 

existing pit, assuming the deepening of the pit is carried out 

to the lowest floor seam layer (floor seam B2). 

The geometry parameters of the final slope follow the 

parameters of the existing pit with a height of 8 m, single 

slope angle of 45°, and a height of 8 m. Optimization of the 

overall slope pit limit will be simulated with 10 m, 12 m, and 

15 m. 
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The location of the cross section for the berm simulation 

analysis is chosen in an area that has been determined by the 

mining boundary (pit limit) by the company, namely the 

Low Wall section 1 and Low Wall section 2. The highwall 

area will be made a single slope. Sections created with the 

help of Minescape 5.7 software. There are two cross sections 

for the Low Wall area, namely section 1 and section 2 (Fig. 

2 and Fig. 5). 

Slopes of cross section 1 and 2 are simulated against 

tiered slopes (overall slope, intermediate slope and single 

slope) following floor B2. Based on the simulation of each 

variable, slope geometry, stratigraphic, geotechnical data 

and hydrogeological data were used to analyze the slope 

stability of the static method. Overburden material removal 

activities at the Pit 1 North West Banko were renewed using 

a ripper and to optimize the removal activities, blasting 

activities were carried out against the overburden. The 

distribution of blasting vibrations that propagate on the walls 

of the mining slope causes seismic acceleration in the 

coating area. These factors have the potential to cause 

mining slope instability. The value of slope stability due to 

blasting activities can be determined by using the pseudo-

static method approach. The pseudo-static method of slope 

stability analysis was performed with predetermined berm 

simulations. 

 
Fig. 5 Section of Geometry Bench Pit 1 West Banko 

 

The seismic acceleration value (Seismic coefficient) of 

blasting activity at Pit 1 North West Banko is determined by 

selecting the peak acceleration (g) which has the highest 

effect. The seismic acceleration data for Pit 1 North West 

Banko consist of transverse, vertical, and longitudinal 

accelerations. In the analysis, the transverse and vertical 

accelerations are assumed to have no major effect on slope 

instability. The value of the greatest longitudinal 

acceleration with the highest PVS value is determined as the 

seismic acceleration of the slope simulation. The seismic 

acceleration values used in the slope stability analysis are the 

highest ground vibrations,  with a longitudinal acceleration 

of 0.106 g and a PVS of 6.110 mm / s with a distance of 300 

m (Table I), so the Kh value used in calculating the safety 

factor of pseudo-static slope stability is Kh = 0.50 x 0.11 = 

0.055 g. 

Slope stability in static conditions is influenced by 

geometric slope parameters, material geotechnical 

parameters and hydrogeological parameters. Based on the  

blasting activity plan at the Pit 1 North West Banko, it adds 

to the effect of seismic acceleration on slope stability. Slope 

stability analysis was conducted to determine the effect of 

these factors on the slope safety factor. Approach is done by 

using the static arc and pseudo static equilibrium limit 

method. 

The analysis stage was carried out by testing the slope 

safety factor (SF) on slope simulations in static and pseudo- 

static conditions. Slope modeling was made with 10 m, 12 m, 

and 15 m variables. The geotechnical parameters of the slope 

constituent materials are assumed to be saturated with water 

because the hydrological parameters have a big influence in 

the slope stability analysis. The seismic acceleration value 

used in the pseudo-static slope stability analysis is the largest 

historical longitudinal acceleration, namely 0.055 g. 

The areas analyzed were Low Wall cross section 1 and 

Low Wall cross section 2. The safety factor (SF)  analyses 

scale was carried out on the overall slope, intermediate slope, 

and single slope. Slope stability analysis used rocscience 

slide v 6.0 software with the bishop arc equilibrium limit 

method. 

Slope stability simulation is carried out on modeling with 

variable berms of 10 m, 12 m, 15 m. The results of slope 

stability analysis under static and pseudo-static, as shown on 

Table III. 

TABLE III 

 SECTION FS OVERALL SLOPE 1 

 Overall 
Slope 

Single 

Berm (m)

Width 

(m) 

Height 

(m) 

Slope 

Angle (0) 

FS 
Static 

FS 
Pseudostatic 

10 296 132 24 1712 1517 

12 308 128 23 1842 1615 

15 353 128 19 2102 1813 

TABLE IV 

FS OVERALL SLOPE SECTION 2 

 Overall 
Slope 

Single 

Berm (m)

Width 

(m) 

Height 

(m) 

Slope 

Angle (0) 

FS 
Static 

FS 
Pseudostatic 

10 296 136 25 1608 1428 

12 326 134 22 1693 1481 

15 376 136 20 1908 1646 
 

TABLE V 
FS OVERALL SLOPE AT LOW WALL 

 

 Overall 
Slope 

Single Berm 

(m) 

Width 

(m) 

Height 

(m) 

Slope 

Angle (o) 

FS 
Static 

FS 
Pseudostatic 

Lowwall 1 484 143 17 2.585 2.213 

Lowwall 2 425 132 17 2.631 2.247 

 

Based on the results shown in Tables III-V and  Fig. 6 the 

value of the safety factor increases directly proportional to 

the increase in berm, either in static or pseudo- static 

conditions. In addition, it can be observed that in sections 

with the same , there is a decrease in the safety factor (SF) 

between the slopes with static and pseudo- static conditions. 

As in cross section 2 on a berm 10 m  SF value of 1.428 

(Table IV) in a pseudo-static slope condition shows a much 

smaller safety factor compared to 1.5 which is the standard 

of safety factors that have been set in the pseudo- static 

condition. Whereas with a 12 m diameter, the SF result in a 

static condition = 1.693 (Table IV), while the SF result in a 

pseudo-static condition = 1.481 (Table IV) with a decrease 



of about 12.5%. The decrease in SF in pseudo-static 

conditions is influenced by the value of the longitudinal 

seismic acceleration of 0.055 g due to blasting activities. For 

15 m with static SF conditions and pseudo-static SF, the  

safety factor is far more than 1.5. Therefore, the  optimal 

safety factor is with a diameter of 12 m which is closest to 

the SF of 1.5.  

Therefore, the  optimal safety factor is on a berm of 12 m 

which is closest to the SF of 1.5. Therefore, the optimal 

slope modeling is used based on safety factor both in static 

conditions and in pseudo static conditions, namely by using 

a berm of 12 m. 

 

Fig. 6 Pseudo - Static Analysis FS HW Section 1 Berm 12 m 

 

Unstability slope  also has the potential on intermediate 

slopes. This is influenced by the geotechnical conditions of 

the material composition (stratigraphy). The value of slope 

stability is determined in the same way as before. The Safety 

Factor slope of the final slopes is divided into two,  the 

upper intermediate and the lower intermediate. 

The results shown in show the Safety Factor results on  

the final slope, both the upper intermediate and the lower 

intermediate, indicating that the safety factor has far 

exceeded the predetermined safety standards. So that the 

cause of disturbance in slope stability is very small, both in 

static conditions and in pseudo static conditions. This is due 

to the material on the slope. 

The upper intermediate Safety Factor had a smaller Safety 

Factor when compared to the lower intermediate Safety 

Factor. It is also influenced by the forming material. The 

upper intermediate is formed by the type of sandy siltstone 

material, while the lower intermediate material is formed 

from several types of harder materials, namely Sandy silty 

claystone, coal, and sandy siltstone. This is what causes the 

lower intermediate Safety Factor to be much higher. 

To apply slope stability, both in section 1 and section 2, 

the optimal berm is determined, namely the overall slope, 

upper intermediate and lower intermediate 12 m. With a 

depth of 12 m, the slope will be safe in both static and 

pseudo-static conditions. By applying a berm of 12 m, it will 

be safe to do blasting without worrying about the impact of 

the disturbance on the slope stability of the Pit 1 NorthWest 

Banko . 

2)  Analysis of the Blast Effect on Residential Buildings 

Scaled distance (SD) is a factor that affects ground 

vibrations, namely the measurement distance divided by the 

root of the amount of explosives per time delay, the scaled 

distance affects the peak vector sum (PVS) value of ground 

vibrations produced by an explosion. This will affect the 

effect of ground vibrations on those caused by blasting 

activities. Efforts to minimize the effects of ground 

vibrations need to be taken measures to control ground 

vibrations so as not to cause danger to residential buildings 

at a certain distance. Therefore, it is necessary to measure 

the ground scraping and the activation of explosives to be 

carried out so that it can predict the safe distance to carry out 

blasting activities at West Banko Pit 1 North. The PPV or 

PVS threshold value for residential buildings around the 

mine is ≤ 5 mm / second considering the building class, in 

the form of buildings with foundations, masonry and cement 

mortar and tied with concrete slopes (SNI 7571: 2010). 

The results of the measurement of the Peak Vector Sum 

(PVS) vs Scaled Distance vibration above can be seen that at 

the PVS value of 7.81 with a distance of 700 meters with a 

hole charge of 50 kg per hole, the scaled distance is 98.994  

while showing a PVS value of 0 , 57 with a distance of 1935 

meters with a hole charge of 52.91 kg per hole obtained a 

scaled distance of 266.02. So it can be concluded also that 

the distance affects the level of ground vibrations, the farther 

the distance from the blasting area, the smaller the level of 

vibration that occurs and vice versa. 

The value of ground vibrations that will occur in the next 

detonation can be predicted in a non-linear regression 

equation. The equation is obtained from the analysis of the 

value of the scaled distance and peak vector sum. Based on a 

graph of the relationship between scaled distance and peak 

vector sum is obtained. The results of the analysis of the 

relationship between the scaled distance and the actual PVS 

obtained from the results of measuring ground vibrations in 

the field show that there is a strong relationship between the 

scaled distance (SD) and the actual ground vibration (PVS), 

that is, each decrease in the scaled distance value is followed 

by an increase in the actual PVS value and conversely, any 

increase in the scaled distance value is followed by a 

decrease in the actual PVS value. 

TABLE VI 

SCALE DISTANCE AND PEAK VECTOR SUM (PVS) ELEKTRIC BLASTING 

Distance 

(m) 

Charge/ 

(Delay 
(kg) 

Scale 

Distance  
(m/kg^0.5 

PPV 

(mm/s) 

 

PVS 
(mm/s) Tran Vert Long 

700 150 98.9949494 7.62 5.84 4.57 7.81 

500 50 70.7106781 1.14 0.889 1.4 2.01 

600 150 70.7106781 4.70 7.49 2.54 7.63 
1160 50 164.048773 1.78 1.02 1.4 2.13 

TABLE VII 

ANALYSIS SCALE DISTANCE AND PEAK VECTOR SUM (PVS) 

 
Distance (m) PPV (mm/s) Charge/ hole (kg) Scale Distance  

(m/kg^0,5) 

1935 0.570 52.91 266.02 

1876 0.413 58.20 245.91 

1944 0.361 58.20 254.82 

1750 0.421 52.91 240.59 

1800 0.370 52.91 247.46 

1400 0.808 58.20 183.51 

1600 0.407 58.20 209.73 

1800 0.241 52.91 247.76 

1500 0.473 57,14 198.43 

1800 0.262 42.33 276.67 

1500 0.609 52.91 206.22 

 
 

 



 
 

Fig. 7  Relationship Peak Vector Sum and Scaled Distance 

 

The coefficient of determination (R2) from the data 

analysis shows that the R2 value is 0.4505, this indicates that 

the actual PVS is influenced by the scaled distance of 

45.05%, while the rest is influenced by other factors such as 

physical and mechanical characteristics of the rock, lithology 

/ rock bedding. , the geological structure / discontinuity area 

in the form of a joint of the lining in the mine area, the 

influence of groundwater content and others. The constants 

obtained in the equation to find the predictive PVS value are 

K = 7282.2 and M = -1.79. The constant values K and M are 

used to make calculations in predicting the peak vector sum 

amount at a certain scaled distance, to determine the blasting 

design simulation so that it can determine the safe vibration 

of an explosion based on explosives that can be used at 

certain distance. So that we get the following equation. 

PVS = 7282,2 x SD-1,79       

3)  Ground Vibration Control 

Based on the blasting analysis that has been carried out, it 

is found that the more charge weight is used over a certain 

distance, the greater the value of the resulting ground 

vibration. The resulting ground vibrations can be controlled  

by changing the load weight / delay and determining the 

appropriate circuit pattern according to the conditions of the 

blasting location. PT. Bukit Asam, Tbk. 

Recommended range for getting PVS = 3.5 mm / s With a 

distance of 300 - 1500 m by using the equations that have 

been obtained from simple linear regression analysis, 

predictions can be made by adjusting the fill in the scaled 

distance formula so that the optimum charge is obtained for 

one blasting hole. (Table VIII). 

TABLE VIII 

NUMBER OF SAFE USE OF EXPLOSIVES 

PVS (mm/s) Distance 

(m) 

Scale Distance 

(m/kg^0.5) 

Charge/ hole 

(kg) 

3 300 71.41 17.65 
3 400 71.41 31.38 

3 500 71.41 49.03 

3 600 71.41 70.60 
3 700 71.41 96.09 

3 800 71.41 125.51 

3 900 71.41 158.84 
3 1000 71.41 196.10 

3 1100 71.41 237.28 

3 1200 71.41 282.39 
3 1300 71.41 331.41 

3 1400 71.41 384.36 

3 1500 71.41 441.23 

Based on Table VIII, it can be seen that at a distance of 

300 m and 400 m the fill / hole that can be filled is 17.65 kg 

and 31.5 kg, respectively, which indicates that the charge 

cannot fill the explosive material with a diameter of 200 mm 

and a depth of 8 m. therefore blasting activities are not 

recommended at this distance. Meanwhile, at a distance of  

500 m, the blast hole charge of 49.03 kg is able to fulfill the 

charge in the blasting plan, as well as the vibrations 

generated by the safe blasting effect on the surrounding 

settlements, namely 3.5 mm / s With these provisions, at Pit 

1 North West Banko blasting activities can be carried out 

with a minimum distance of 500 from residential areas.  

C. Analysis of the planned area to be blown up 

By carrying out blasting activities in West Banko Pit 1 

North, it is necessary to plan an area that  can be blown up. It 

is necessary to consider the blasting activities that will be 

carried out because the effects of the vibrations caused can 

have an impact on residential areas. So it is necessary to 

control blasting in a predetermined area so that the impact of 

blasting vibrations can be minimized and can also narrow 

the safe distance that can be detonated. 

Based on the results of the planned feed area carried out at 

Pit 1 North West Banko it has been determined that the 

delivery area is divided into two areas, based on the 

treatment to be carried out, namely the ripping area and the 

blasting area. The ripping area and the blasting area are 

246.63 hectares. 

The ripping area shows the areas that are blue. The area 

has a distance from the settlement of less than 500 m so the 

use of blasting is not recommended in that area. The ripping 

area is located in the West highwall area with an area of 

134.04 Ha to be ripped. Whereas the yellow area is an area 

where the reporting activities carried out in that area are 

carried out using the blasting method. The area is more than 

500 m from the residential area so that blasting activities can 

be carried out by adjusting the delay when blasting is carried 

out so that it can minimize ground vibrations which can have  

a bad impact on residential buildings if the vibration effect 

exceeds the predetermined standard. The blasting area in the 

low wall area of the East is 112.59 hectares. With this 

arrangement, it will be safe to carry out activities without 

disturbing residential areas. 

IV. CONCLUSION 

The Blasting Design will apply the blasting technique 

applied to the Pit 1 North West Banko because the  lithology 

of the coal deposition material is relatively the same and the 

location is adjacent to the West Banko Pit 2, the blasting 

geometry used is 200 mm in diameter, 8 m Burden, 9 m 

space, Depth 8 m, loading density 26.5 kg / m. 

Simulations with 10 m, 12 m and 15 m for analysis of 

static and pseudo static slope stability on the overall slope 

and intermediate slope, the wider the Berm, the higher the 

value of the slope safety factor and the sloping the overall 

slope and the greater the striping ratio. The optimum Berm 

condition is 12 m with a pseudo-static safety factor of at 

least 1.50, the selection of the 12 m berm is taken based on 

the value of the safety factor in cross section 2 almost close 

to 1.5 (long term) in accordance with the Ministerial Decree 

1827 of 2018. 

 Recommendation ground vibrations with blasting effects 

are planned for the scale distance for the PVS value set at ≤ 

3.5 mm / s with the explosive charge per delay having an 

optimum value of 50 kg with a minimum distance of 500 m. 



The area to be blast is 112.59 Ha, while the area to be 

ripped in the western pit limit  area near residential areas 

with a radius of 500 m is 134.04 Ha. 

ACKNOWLEDGMENT 

On this occasion, we would like to express our gratitude 

to the Management and Employee of the Department of 

Mines PT Bukit Asam, Tbk for the opportunity to conduct 

field research and supporting data.  

REFERENCES 

[1] M. I. Fajar S., M. T. Toha, and Bochori, “Analysis Of Slope 
Stability With The Influence Of Ground Vibrations Due To 

Overburden Blasting In The South Pit Of PT Adaro Indonesia’s 

Cover,” Sriwijaya University, 2019. 

[2] A. A. Pavlovich, V. A. Korshunov, A. A. Bazhukov, and N. Y. 

Melnikov, “Estimation of rock mass strength in open-pit mining,” 
J. Min. Inst., vol. 239, pp. 502–509, 2019, doi: 

10.31897/PMI.2019.5.502. 

[3] H. Baramsyah, T. Zulfikar, N. Kamal, and M. G. Nilda, “Effect of 
Ripping Method Application on Coal Mining on Crushing Plant 

Productivity (Case Study: PT Mifa Bersaudara, West Aceh),” J. 

Tek. Mesin Unsyiah, vol. 8, no. Juni, pp. 26–31, 2020. 

[4] B. Y. Baklaes, M. T. Toha, and Azwardi, “Effect of Ripping-

Dozing Activity on Productivity of Overburden Stripping at PT 

Bukit Asam,” J. Pertamb., vol. 5, no. 1, 2021. 

[5] E. T. Mohamad, M. Koopialipoor, B. R. Murlidhar, A. Rashiddel, 

A. Hedayat, and D. Jahed Armaghani, “A new hybrid method for 

predicting ripping production in different weathering zones 
through in situ tests,” Meas. J. Int. Meas. Confed., vol. 147, p. 

106826, 2019, doi: 10.1016/j.measurement.2019.07.054. 

[6] M. R. Noviansyah, T. Toha, and Bochori, “Delay System Design 
For Nonel Blasting To Reduce Ground Vibration Effect Due To 

Mine Facility,” J. Pertamb., vol. 1, no. 3, 2017. 

[7] J. Park and K. Kim, “Use of drilling performance to improve 
rock-breakage efficiencies: A part of mine-to-mill optimization 

studies in a hard-rock mine,” Int. J. Min. Sci. Technol., vol. 30, no. 

2, pp. 179–188, 2020, doi: 10.1016/j.ijmst.2019.12.021. 

[8] M. T. Toha, Bochori, and Waluyo, “Blasting design without 

subdrilling on jointed limestone to optimize fragmentation and 

blasting cost,” Int. J. Adv. Sci. Eng. Inf. Technol., vol. 7, no. 5, pp. 

1920–1926, 2017, doi: 10.18517/ijaseit.7.5.2569. 

[9] A. Sołtys, M. Twardosz, and J. Winzer, “Control and 

documentation studies of the impact of blasting on buildings in 
the surroundings of open pit mines,” J. Sustain. Min., vol. 16, no. 

4, pp. 179–188, 2017, doi: 10.1016/j.jsm.2017.12.004. 

[10] A. Mahdiyar, D. J. Armaghani, M. Koopialipoor, A. Hedayat, A. 
Abdullah, and K. Yahya, “Practical risk assessment of ground 

vibrations resulting from blasting, using gene expression 

programming and monte carlo simulation techniques,” Appl. Sci., 

vol. 10, no. 2, 2020, doi: 10.3390/app10020472. 

[11] B. K. Singh, D. Mondal, M. Shahid, A. Saxena, and P. N. S. Roy, 

“Application of digital image analysis for monitoring the behavior 
of factors that control the rock fragmentation in opencast bench 

blasting: A case study conducted over four opencast coal mines of 

the Talcher Coalfields, India,” J. Sustain. Min., vol. 18, no. 4, pp. 

247–256, 2019, doi: 10.1016/j.jsm.2019.08.003. 

[12] D. Zhu, D. V. Griffiths, J. Huang, and G. A. Fenton, 

“Probabilistic stability analyses of undrained slopes with linearly 
increasing mean strength,” Geotechnique, vol. 67, no. 8, pp. 733–

746, 2017, doi: 10.1680/jgeot.16.P.223. 

[13] D. Zhu, D. V. Griffiths, and G. A. Fenton, “Probabilistic stability 
analyses of layered excavated slopes,” Geotech. Lett., vol. 9, no. 3, 

pp. 161–164, 2019, doi: 10.1680/jgele.18.00252. 

[14] I. Vennes and H. Mitri, “Geomechanical effects of stress shadow 

created by large-scale destress blasting,” J. Rock Mech. Geotech. 

Eng., vol. 9, no. 6, pp. 1085–1093, 2017, doi: 

10.1016/j.jrmge.2017.09.004. 

[15] R. Sauffisseau and A. Ahangar-Asr, “Stratified slopes, numerical 

and empirical stability analysis,” Proc. Inst. Civ. Eng. Eng. 

Comput. Mech., vol. 171, no. 4, pp. 174–185, 2018, doi: 

10.1680/jencm.18.00017. 

[16] C. Qin, S. C. Chian, and S. Du, “Revisiting seismic slope stability: 

Intermediate or below-the-toe failure,” Geotechnique, vol. 70, no. 

1, pp. 71–79, 2020, doi: 10.1680/jgeot.18.T.001. 

[17] A. Fakhrudin Shobari, I. J. Mufti, N. Khoirullah, Z. Zakaria, R. I. 

Sophian, and A. Mulyo, “Correlation of Horizontal Earthquake 
Coefficient Value (Kh) With Safety Factor (FS) Value in 

Cilengkrang, West Java,” Padjajaran Geosci. J., vol. 3 No. 4, pp. 

243–253, 2019. 

[18] M. T. Toha et al., “Mitigation of landslide area around railway 

tunnel, South Sumatra Province, Indonesia,” AIP Conf. Proc., vol. 

1885, 2017, doi: 10.1063/1.5005935. 

[19] S. Sujatono, “Integrated Slope Stability Analysis (Ssa) With 

Transient Groundwater Finite Element Method for Embankment 

Analysis,” J. Teknol., vol. 83, no. 5, pp. 9–17, 2021, doi: 

10.11113/jurnalteknologi.v83.16456. 

[20] K. Kukemilks, J. F. Wagner, T. Saks, and P. Brunner, “Physically 

based hydrogeological and slope stability modeling of the Turaida 
castle mound,” Landslides, vol. 15, no. 11, pp. 2267–2278, 2018, 

doi: 10.1007/s10346-018-1038-5. 

[21] S. Metya, N. Chaudhary, and K. K. Sharma, “Psuedo static 
stability analysis of rock slope using patton’s shear criterion,” Int. 

J. Geo-Engineering, vol. 12, no. 1, 2021, doi: 10.1186/s40703-

020-00137-w. 

[22] R. H. Latief and A. K. E. Zainal, “Effects of water table level on 

slope stability and construction cost of highway embankment,” 

Eng. J., vol. 23, no. 5, pp. 1–12, 2019, doi: 

10.4186/ej.2019.23.5.1. 

[23] S. Sarkar and M. Chakraborty, “Stability analysis for two-layered 

slopes by using the strength reduction method,” Int. J. Geo-
Engineering, vol. 12, no. 1, 2021, doi: 10.1186/s40703-021-

00153-4. 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 



 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 


	Korespondensi-Technical Blasting and Ripping of Overburden to Reduce the Effect of Ground Vibration on Slope Stability and Residence around Coal Mine.pdf (p.1-8)
	BUKTI KORESPONDENSI.pdf (p.1)
	Review-IJASEIT TECHNICAL BLASTING.pdf (p.2-3)
	Yahoo Mail - [IJASEIT] Revision Required.pdf (p.4-5)
	Yahoo Mail - [IJASEIT] Revision Required 2.pdf (p.6)
	Yahoo Mail - JOURNAL PROCESSING FEE - 14763.pdf (p.7-8)

	14763-32451-1-RV.pdf (p.9-16)
	14763-32451-2-RV.pdf (p.17-24)
	14763-32451-3-RV.pdf (p.25-35)
	14763-32451-4-RV.pdf (p.36-44)

