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 The decline shaft is one of the main facilities in an underground mining work 

that is used as access to the mining panel from the surface. Making decline 

shafts on materials with weak characteristics is one of the important 

geotechnical issues that must be considered. The initial stage of making 

decline shaft holes is carried out on a relatively shallow ground surface or 

soil depth so that the horizontal stress that works is greater than the vertical 

stress. This excavation process will change the direction and magnitude of 

the initial stress from being in an equilibrium state to being disturbed. In 

addition to the stress on the rock mass, the condition of weak soil strength 

will affect the behavior and distribution of stresses working around the 

decline shaft hole. If the stress around the decline shaft exceeds the strength 

of the rock, there will be instability in the decline shaft so that strength is 

needed to control the existing stress. 

 

1.  Introduction  

In general, the decline shaft hole is the main access used to go to the mining panel. In addition to being 

a link between the surface of the ground (surface) and the mining panel, other functions are the decline 

shaft as access for exploration activities, haul roads (humans, tools, waste, and ore), ventilation routes, 

and drain networks. In the process of making the decline shaft holes will disturb the natural stresses that 

exist in the rock mass. During the excavation of the rock mass, the stress conditions will change 

dramatically because the rock that was subjected to initial stress and after excavating the surrounding 

stress will be redistributed [1]–[4]. A basic understanding of the magnitude and direction of in-situ stress 

and induced stress is very important in the process of making incline shaft holes. In several cases that 

occurred when the incline shaft was excavated, the stress exceeds the strength of the rock and causes 

instability in the decline shaft [5]. This will affect the determination of the type of support that will be 

used and in terms of safety and security of the incline shaft holes. The coal as the rock subject 

distribution depends on the coal quality that related to the coal formation [6], the underground design 

also related to the dewatering system [7] and ventilation system [8], at least all of the aspects will 

contribute to the economical activity [9].  

 

The in situ stress at a point is determined by the loading conditions of the material above it as a result 

of previous geological processes. Changes in in-situ stress conditions can be caused by several things, 

including changes in temperature and chemical processes such as leaching, evaporation, and mineral 

recrystallization. Complex and heterogeneous stress conditions are generated by mechanical processes 

such as the formation of fractures, shifts between the fracture planes, and the viscous-plastic flow in the 

material. Some of the factors that influence the in-situ stress conditions according to Brady and Brown 

(1985) [10] are: 

1. Surface Topography 

2. Erosion 

3. Residual Stress 

4. Inclusion 

5. Tectonic Activity [11] 
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6. Field of Discontinuity 

 

In civil and mining construction works, the determination of the location for making an opening is based 

on the direction of the regional principal stress. Measurements of vertical in-situ stress across several 

mines and civil works indicate that this relationship is quite valid despite the considerable spread of 

data. A simple method that can be used to determine the stress state in the rock mass without in-situ 

measurements is to assume that the vertical stress (v) on the rock mass at a certain depth is equal to 

the weight per unit area of the rock above it or: 

𝜎 =  𝜌 𝑔 ℎ ....................................................................................................................................................... (1) 

where,  

σ: vertical in-situ stress (Kg/cm2) 

: weight of rock contents (ton/m3) 

g: acceleration due to gravity (m/s2) 

h: depth (m) 

 

Figure 1. Relationship between Vertical In Situ Stress and Depth (modified from [12]) 

The simple hypothesis used in predicting the state of two horizontal in-situ stresses is the homogeneity, 

isotropy, and rheological behavior of the rock mass. Horizontal in situ stress is more difficult to predict 

and perform than vertical in situ stress. In some cases with very large depths (h), the horizontal in-situ 

stress becomes hydrostatic or litho-static, ie k = 1 and h = v. The empirical approach that has been 

taken by several previous researchers ([13], [14]) in several mining works and civil projects shows that 

k values tend to be high at shallow depths and decrease with increasing depth. In addition, [15] stated 

that for gravity loads where there is no lateral strain, the value of k does not depend on the depth 

expressed as: 

𝑘 =  
𝜐

1−𝜐
 .............................................................................................................................................. (2) 

Where, 

υ: poisson ratio rock mass 

h: k v 

The analytical calculation of the in-situ stress shows that using this approach the horizontal in-situ 

stress value will always be less than the vertical in-situ stress. The reality in the field by conducting 

direct measurements of horizontal in-situ stress shows that the stress value is not always smaller than 

the vertical in-situ stress. This approach has proven invalid and is rarely reused, [16] proposes the 

following equation: 
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𝑘 = 0.25 + 7 𝐸ℎ(0.001 +  
1

𝑧
) ............................................................................................................ (3) 

where,  

Eh: modulus deformation (GPa) 

z : depth (m) 

 

Figure 2. Comparison of Average Horizontal In-Situ Stresses to Vertical In-Situ Stresses [12] 

Before excavation, the rock mass is in a state of equilibrium and after excavation, the equilibrium is 

disturbed and can change the initial stress distribution. When an opening is made in the rock mass, the 

unexplored rock receives a greater load than it did before it was excavated. The initial voltage will 

change to the induced voltage. The stress distribution around the opening can be calculated using the 

Kirsch (1898) equation. [17] derived the equations for radial stress (r), tangential stress (θ), and shear 

stress (r) around a tunnel with a circular cross-section. 

𝜎𝑟 = [(
𝜎𝑣+ 𝜎ℎ

2
) (1 −

𝑅2

𝑟2)] + [(
𝜎𝑣− 𝜎ℎ

2
) (1 −

4𝑅2

𝑟2 +
3𝑅4

𝑟4 ) 𝑐𝑜𝑠2Θ] ........................................................ (4) 

𝜎Θ = [(
𝜎𝑣+ 𝜎ℎ

2
) (1 −

𝑅2

𝑟2)] + [(
𝜎𝑣− 𝜎ℎ

2
) (1 +

3𝑅4

𝑟4 ) 𝑐𝑜𝑠2Θ] .................................................................. (5) 

𝜎𝑟Θ = [− (
𝜎𝑣− 𝜎ℎ

2
) (1 +

2𝑅2

𝑟2 −
3𝑅4

𝑟4 ) 𝑠𝑖𝑛2Θ] ....................................................................................... (6) 

where,  

τ:  radial stress 

θ:  tangential stress 

r: shear stress 

v:  vertical stress 

h:  horizontal stress 

θ:  the angle formed to the point of observation clockwise 

R:  the radius of the opening 

R:  distance from the center of the opening hole to the point of observation 

Determination of plastic zone and deformation at 

𝑑𝑝

𝑑𝑜
= (1.25 − 0.625

𝑝𝑖

𝑝𝑜
)

𝜎𝑐𝑚

𝑝𝑜

(
𝑝𝑖
𝑝𝑜

−0.57)
 ................................................................................................. (7) 

𝛿𝑖

𝑑𝑜
= (0.002 − 0.0025

𝑝𝑖

𝑝𝑜
)

𝜎𝑐𝑚

𝑝0

(2.4
𝑝𝑖
𝑝𝑜

−2)
 ............................................................................................. (8) 
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where,  

dp:  radius of plastic zone 

δi:  tunnel sidewall deformation 

do:  original tunnel radius 

pi:  internal support pressure 

po:  horizontal stress 

θ:  in situ stress 

cm:  rock mass strength 

2.  Methodology 

Making decline shaft is done on claystone rock with a weak category. The decline shaft is the main 

entrance which will be made with a slope of 140 to penetrate the coal seam from the surface. The 

geometry of the incline shaft has a 6 m wide and 5 m high horseshoe shape (Figure 3). 

 
Figure 3. Decline Shaft Geometry (Front View) 

The rock mass category of claystone material is obtained from the calculation of the Rock Mass Rating 

[18] using five main parameters, namely: rock strength value, RQD, fracture space, fracture conditions, 

and groundwater conditions. From these five parameters, the RMR value of claystone used in making 

incline shaft holes ranges from 33 - 51 and is included in the bad-medium rock mass class. The value of 

the Q-System is 0.19 - 2.18, which is included in the very poor-poor rock class. 

 
Figure 4. Value of Geological Strength Index for Claystone Rocks [12] 

Testing claystone samples obtained the value of material properties used in the numerical two-

dimensional analysis. The numerical two-dimensional analysis process uses the RS2 program (Phase2, 

Rocscience). This calculation uses the finite element method which can be used for various types of soil 

and rock. The properties of the claystone material used in the analysis process are shown in Table 1. 
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Table 1. Claystone Material Properties 

Claystone 

Unit Weight MN/m3 0.025 

Poisson’s Ratio  0.28 

E MPa 4113.79 

Tensile Strength MPa 0.64 

Fric. Angle deg 24.67 

Cohesion MPa 1.27 

 

3.  Results  

From the results of 2D numerical calculations using the finite element method, the values of sigma one 

and sigma three are obtained as shown in Figure 5, Figure 6, and Figure 7. 

 
Figure 5. Value Stress at the Decline Shaft Before Excavation 

 
Figure 6. Value Sigma One on the Decline Shaft 

 
Figure 7. Value Sigma Three on the Decline Shaft 
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The above analysis can be seen from the stress value in the decline shaft before excavation is carried 

out, in a stable and equilibrium state. During the excavation of claystone rock, the stress condition 

around the decline shaft, which initially has evenly distributed stress, is then redistributed [19]. Rocks 

around the decline shaft that are not excavated will receive a greater load because the part that should 

receive the load has been disturbed (Figure 8). This results in induced stress. The horizontal stress value 

increases when approaching the face decline shaft. The further away from the face the stress value 

decreases and approaches the rock mass stress value [17]. 

 
Figure 8. Stress Distribution Around the Decline Shaft 

Determination of the plastic zone (Figure 10) and the amount of deformation in the decline shaft (Figure 

9) using equations (7) and (8) obtained the following results Table 2: 

Table 2. Decline Shaft Deformation Calculation Results 

No Sec H cm/po dp/do i/do 

1 1-A 100 0.29 25.57 24.43 

2 1-B 100 0.44 19.96 10.33 

3 2-A 100 0.62 16.47 5.26 

4 2-B 100 0.76 14.64 3.48 

5 3-A 100 1.11 11.77 1.62 

6 3-B 100 1.60 9.55 0.78 

7 4-A 100 1.88 8.73 0.57 

8 4-B 100 1.94 8.58 0.53 

9 5-A 100 2.10 8.18 0.45 

10 5-B 100 2.16 8.07 0.43 
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Figure 9. Graph of Decline Shaft Deformation to Insitu Stress 

 

 
Figure 10. Graph of Plastic Zone to Decline Shaft Diameter 

 

4.  Conclusion 

The value of stress will experience an increase in both horizontal stress and vertical stress when 

multiplying occurs. The cause of the increased stress that occurs around the decline shaft is due to the 

load that was originally borne evenly transferred and redistributed. The results of 2D analysis using the 

finite element method, the direction of stress redistribution is mostly towards the side wall so that more 

attention is needed on the side wall so that there is no collapse or lifting of the floor of the incline shaft 

hole. The maximum stress value is found on the right side of the incline shaft hole of 65.41 MPa. The 

stress magnitude in the plastic zone is obtained with a value of 25.51 MPa and if the induced stress has 

a magnitude exceeding the maximum value of the plastic zone there will be instability. Based on the 

analysis results from the calculation of the decline shaft deformation and the direction of the stress 

distribution, the recommendation for the support design for weak rocks can be used steel rib with a 

combination of concrete / shotcrete lining. 
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