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Abstract. Indonesia is known for its abundant coal reserve. However, weak ge-

ological condition of the rock is one of the most common challenges in Indonesia 

coal mining. The study area of this research is PT Gerbang Daya Mandiri (GDM) 

mine which is situated in East Kalimantan. Stratigraphy of this area comprises of 

claystone as dominant rock and the present of multiple coal seams with the thick-

ness ranging from 0.15m to 9.8m. In this mine, longwall mining is adopted for 

coal seam extraction. Recently, GDM had begun their development of trial panel 

for depth around 100m to 150m to understand the behavior of the rock for the 

real longwall operation. Physically, for this trial study depth, claystone is weaker 

than coal. Thus, by leaving part of coal seam on top and bottom of the excavated 

entry-gate would help to retain its stability. This paper will use numerical simu-

lation by FLAC3D to investigate the optimum remain coal thickness (RCT) for 

stability of the entry-gate of trial panel and to identify appropriate roof support. 

Model simulation is verified using displacement data from extensometer. The 

outcome results show that the optimum RCT is 1m on roof and 1.5m on the floor. 

SS540 with 0.5m spacing is appropriated for adopting for this trial panel. The 

recommended additional support during longwall operation are 5m, 9m, and 25m 

for 100m, 125m, and 150m coal seam depth respectively.  

 

Keywords: Gate-entry Stability, Longwall Mining, Weak Rock, Remain Coal 

Thickness, FLAC3D 

1 Introduction 

Indonesia, host an abundant portion of thick coal deposit, which is usually found in 

weak geological condition [1]. This weak geological condition has led to the limitation 

of excavation into a certain height [2]. As a result, some of coal thickness remains on 

top and bottom of the excavation. This can be beneficial for coal bed that is surrounded 

by weaker dominant rock as the harder remained coal cans help improve the stability 

of any opening structure during the mining development and excavation.  

Stability of gate-entry is widely considered to be one of the most important aspects 

in longwall mine design, especially during panel extraction. Gate-entry does not only 
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serve as a way of material transportation but also an important component of ventilation 

system to get rid of dust and harmful gazes and to provide fresh air to longwall face 

working area [3]. Lot of research works have been focused on developing mining tech-

nique for thick coal seam mine [2, 4, 5]. Some also including weak geological condition 

[1, 6]. However, few researchers have addressed the effect of remain coal thickness 

(RCT) on stability of gate-entry for longwall mining in thick coal seam. 

This paper is a preliminary attempt to investigate the effect of RCT on gate-entry 

and incorporated it into longwall mine design in order to obtain a better optimization. 

To fully understand this effect, a study work is implemented on trial panel study devel-

oped in one coal mine in Indonesia using numerical analysis. This research work con-

sists of modelling various case of RCT to investigate the optimum length of RCT on 

top and bottom of gate-entry, and optimizing gate-entry roof support under influence 

of RCT. This paper will also seek to address the effect of longwall operation on gate-

entry for this trial panel. 

2 Characteristic of Study Area 

PT Gerbang Daya Mandiri (GDM) is located in East Kalimantan Island, 15km to the 

north from Samarinda city in the area called Kutai Kertanegara as shown in Fig 1. Gen-

eral geological structure of that area is monocline, which contains many coal seams 

with the dip and thickness from 3˚ to 13˚ and from 0.15m to 9.8m respectively. The 

dominant rock in the area is claystone. This mine will adopt longwall mining method 

for coal extraction. GDM is developing mine in rock that falls into category of very 

weak or low strength rock [7]. The dominant rock is very weak, especially when it 

comes to the rock near to the surface. Recently, this mine began to develop a trial panel 

in the depth around 100m to 150m in order to have a better understanding of rock be-

havior in that area. Due to the variation of coal thickness, thick coal can be found along 

this trial panel. As a result, the knowledge of RCT effect is crucial for developing and 

optimizing this trial panel. 

 

Fig. 1. Study Area (A: Location Map of GDM, B: Mine Layout)[7] 

(A) (B) 
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3 Numerical Analysis 

In order to investigate the behavior of the rock for this research, all numerical analysis 

was carried out using FLAC3D. The modeling is constructed based on the actual con-

dition in the mine site and specific case study. Model validation is performed at the 

beginning of the numerical analysis to ensure the accuracy of the model by comparing 

the result form simulation to the actual result of field measurement. This trial panel is 

70m by 200m with 3m of mining height. Steel arch sets will be used to support gate-

entry roof.  

3.1 Model Description 

Simulation models were constructed based on specific case studies. General model di-

mension is illustrated in Fig. 2, which can be described as 90m width and 300m length 

with the under-burden of 50m. Over-burden and coal thickness are varied based on each 

individual case study. The panel dimension is 70m by 200m with 3m height. Symmet-

rical model running is adopted for all simulations in order to reduce running time, which 

means only half of the panel is modelled in FLAC3D. In the model, RCT on the roof 

and floor of the excavation area range from 0m to 2.5m. There are two types of steel 

namely ss400 and ss540 for roof support with two different spacing: 1m and 0.5m. 

 

Fig. 2. General model dimensions 
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Because there will be three main objectives to be covered in this paper, for each indi-

vidual topic, simulation model configuration will adjust accordingly. For the first topic, 

which will cover the optimum RCT in order to maximize the stability of gate-entry, 

seam depth is fixed to 150m depth, stress ratio are 1, 1.5 and 2 and gate-entry is unsup-

ported. Monitoring points will be on the roof and floor of the gate in the middle of the 

model. For second topic, which will cover the optimization of gate-entry roof support, 

depth of the overburden are 100m 125m and 150m, two types of roof support with 1m 

and 0.5m spacing, stress ratio is fixed to 1. For this case, the result will be obtained by 

monitoring the maximum axial stress act on steel arch support along the gate. The last 

topic, which covers the impact of panel extraction operation to gate-entry, also utilize 

the same model configuration as the second topic. The coal panel is extracted 100m. 

The height of the caved roof for goaf modelling is calculated to be 5.93 [7]. However, 

only ss540 is adopted as roof support with 1m and 0.5m spacing for this case. The 

worst-case scenario, where there is no RCT above or below the gate excavation, is se-

lected. Mechanical properties of the rock and support are listed down in Table 1 and 

Table 2 respectively.  

 

Table 1. Rock mechanical properties 

Rock 
UCS 

(MPa) 

Density 

(Kg/m3) 

E 

(MPa) 
υ 

C 

(MPa) 

φ 

(°) 

σT 

(Mpa) 

Claystone 4.84 2108.10 805.86 0.28 0.6 37.45 0.52 

Coal 8.16 1380 1300 0.32 2.63 45.6 0.58 

Goaf - 1700 15 0.25 0.001 25 - 

Table 2. Roof support mechanical properties 

Density 

Kg/m3 

E  

(GPa) 

υ Cross 

Area 

(Cm2) 

Yield 

Strength 

(MPa) 

Yield 

Strength 

(MPa) 

Iy 

(m4) 

.10-8 

Iz 

(m4) 

.10-8 

J 

(m4) 

.10-8 

7800 200 0.3 36.51 400 540 732 154 22 

3.2 Model Validation 

Model validation is very essential for numerical study. The result form monitoring dis-

placement using extensometer on top roof of gate allows us to validate the simulated 

results. Due to the limitation of field measurement, extensometer 32, which is located 

in the depth around 50m, is selected for model validation. Simulation model was con-

structed according to the rock condition that extensometer 32 is situated with the depth 

of the modelled gate is 50m with 1m spacing of horseshoe-shaped steel arch as support 

system.  

The result of gate roof displacement is monitoring until 5m above the roof. Fig. 3 

shows the comparison between model simulations result and extensometer 32 result. 
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The conspicuous observation from these results comparison shows great agreement. 

This evidence implies that this modelling configuration cans be used effectively to pre-

dict the behavior of the rock during mining excavation. 

 

Fig. 3. Comparison between extensometer result and simulation result 

4 Results and Discussion 

4.1 Gate-Entry Stability Control by Leaving Remain Coal Thickness 

The first set of model simulation is to highlight the effect of RCT on maximizing the 

stability of gate-entry. This correlation can be revealed in Fig. 4 which is the result of 

monitoring roof displacement in the case of stress ratio equal to 2. This result shows 

that the improvement of displacement is occurred in a certain range of RCT. Above that 

value even thicker RTC is remain, there is not much improvement can be seen. A sim-

ilar trend can also be found in all the results from others case studies. For better illus-

tration, each result from all cases are sectioned based on a range of RCT of 0.5m. In 

each section, the value of percentage improvement of displacement is calculated by 

compare with the displacement value without any RCT. The outcomes are plotted in 

Fig.5 for roof and floor. As expected, the value of percentage improvement is con-

verged into a smaller value for the thicker RCT. For all stress ratio, Fig.5A shows that 

there is a noticeable improvement from 0 to 0.5m of RCT. Thicker than 0,5m thickness 

the improvement is rather minor.  

 

Fig. 4. Relationship between roof displacement and RCT (K=2) 
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This statement is also true for the floor in Fig.5B where the optimum RCT is 1.5m. A 

pronounced statement can be drawn out from the observation of this result is that the 

improvement of displacement is significant in a certain RCT. From this thickness, even 

a thicker RCT is left above or below gate excavation; only minor improvements can be 

seen. 

 

 

Fig. 5. Relationship between displacement and RCT (A: Gate-roof, B: Gate-floor) 

4.2 Optimizing Roof Support During Gate-Entry Excavation 

This part of the paper is dealing with the evaluation of steel set capacity, which is suit-

able for adopting as support system in gate-entry base on the depth of coal seam. This 

assessment will also consider the effect of remain coal thickness.  The result is showed 

in Fig.6 for 1m and 0.5m spacing. The result of maximums axial stress acting on steel 

for each case is compared with yield strength of two types of steel support: ss400 and 

ss540. The basic idea is that, if the maximums axial stress is higher than yield strength 

of support, steel arch will deform and roof of gate-entry will become unstable.  

 

Fig. 6. Maximum axial stress on steel arch (A: 1m spacing, B: 0.5m spacing) 
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spacing, it provides a stronger capacity for both steel types. This narrower spacing in-

crease the capacity of ss400 to be suitable for supporting up to 125m depth with 1m of 

RCT. The increasing capacity of ss540 on the other hand is able to withstand the load 

up to 150m depth effectively.  

4.3 Impact of Panel Extraction Operation to Gate-Entry 

The impact of panel extraction is crucial in longwall mining study especially when it 

comes to maintaining the stability of gate-entry. Generally, stress will increase signifi-

cantly in some distance from the longwall face. These distances are important for opti-

mizing additional mobile support during panel extraction operation. To validate this 

problem, this set of model simulation is generated in the worst-case scenario where the 

present of RCT is not available. The panel is extracted 100m length.  Results of maxi-

mum axial stress from longwall face, along gate-entry, are monitoring and plotted in 

Fig.7 and Fig.8 for 1m and 0.5m spacing respectively. The observation of both figures 

emphasized that due to panel excavation, stress considerably increases near longwall 

face. If 1m spacing of ss540 is adopted, for 100m depth of coal seam, the distance of 

overstress is 10m. While for 150m depth, the distance of overstress  90m, which in this 

case is not recommended. For 0.5m spacing support, the length of additional support is 

needed based on the depth of the operation. The required length of additional support 

of 100m, 125m and 150m coal seam depth are 5m, 9m, and 25m respectively. 

 

Fig. 7 Maximum Axial stress Along Gate-entry for 1m spacing 

 

Fig. 8 Maximum Axial stress Along Gate-entry for 0.5m spacing 
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5 Conclusion 

This research work had led us to the conclusion that: 

Stability of gate-entry can be maximized by leaving RCT on top and bottom of the 

excavation area. The optimum thickness of RCT should be around 0.5m on the roof and 

1.5m on the floor. 

To maintain the stability of the gate, 0.5m spacing of SS400 can be used up to the 

depth of 125m. One meter spacing can only support up to 100m depth with the condi-

tion that there must be at least 1.5m of RCT above and below the excavation area.  

SS540 can increase 1m spacing capacity to support up to 125m depth with the condition 

of 1m RCT. The support of 0.5m of SS540 can be effectively used to support 150m 

depth. 

Due to the effect of longwall operation, it is recommended to use SS540 in 1m spac-

ing with 10m of additional support for 100m depth. The ultimate support design for 

100m, 125m, 150m coal seam depth should consider using 0.5m spacing of SS540 with 

the additional support of 5m, 9m, and 25m respectively during longwall face extraction 

operation. 
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